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PREFACE 


This  report  presents  the  results  of  an  economic 
analysis  of  selected  phosphate  fertilizer  experiments 
with  alfalfa,.    This  work  is  part  of  a  larger  study  deal- 
ing with  economic  problems  associated  with  use  of 
fertilizers,,    Representatives  of  the  Soils  Divisions  of 
the  Bureau  of  Plant  Industry,  Soils,  and  Agricultural 
Engineering  assisted  in  making  data  available,  in  eval- 
uating the  data,  and  in  advising  with  reference  to  the 
many  technical  details/  The  author  is  especially 
indebted  to  L„  B.  Nelson,       E.  Evans,  and  Omer  J.  Kelley 
for  assistance  toward  an  understanding  of  the  agronomic 
aspects  essential  to  appropriate  economic  interpretation*, 
Assistance  in  reviewing  the  manuscript  was  given  by 
Dt  B,  Ibach,  S,  W.  Mendum,  and  Warren  R*  Bailey*  Analyti- 
cal procedures  used  are  those  illustrated  in  "Determining 
Profitable  Use  of  Fertilizers",  U«  S.  Bur*  Agr*  Econ* 
F.M,  10$,    June,  1953- 


SUMMARY 


This  report  presents  an  economic  interpretation  of  alfalfa 
yield  response  to  different  rates  of  available  Pp^5       fiye  experi- 
ments on  irrigated  lands  in  the  West,    The  fertilizer  was  applied 
at  the  beginning  of  each  experiment  and  no  subsequent  applications 
were  madee    The  analysis  was  conducted  in  terms  of  3-year  total 
yields,,    These  experimental  data  are  used  to  illustrate  methods  of 
analysis  and  determination  of  most  profitable  rates  of  fertilizer 
application .    Ways  of  preparing  results  for  popular  presentation  to 
farmers  are  demonstrated « 

The  calculated  most  profitable  rates  of  fertilizer  applica- 
tion are  high  compared  with  rates  commonly  applied  by  farmers  in 
the  irrigated  areas  in  which  the  experiments  analyzed  are  located . 
All  but  one  of  the  experiments  were  located  on  soils  known  to  be 
deficient  in  available  phosphorus „    With  alfalfa  at  $20c00  a  ton 
and  P20^  at  $0.09  a  pound,  the  calculated  most  profitable  rates  for 
one  Nebraska  experiment  was  597  pounds  of  PpO^  per  acre,,  Analysis 
of  an  experiment  in  Utah  indicated  a  most  profitable  rate  of  38? 
pounds .    In  an  experiment  in  Arizona,,  the  ?2®$  was  applied  in  con- 
junction with  three  different  frequencies  of  irrigation,  in  which 
the  total  water  applied  during  the  3  years  was  about  the  same9  The 
calculated  most  profitable  rates  there  were  553 ,  531,  and  806  pounds 
of  ^2^K  Per  acre,  depending  on  the  irrigation  treatment.    In  another 
Arizona  experiment  the  most  profitable  rate  was  found  to  be  8U3 
pounds  per  acre0    The  calculated  most  profitable  rate  provides  a 
point  of  departure  to  be  used,  with  judgment,  in  making  recommendations 
for  individual  situations . 


Results  indicate  that  for  purposes  of  economic  analysis,  rate 
experiments  for  alfalfa  in  irrigated  areas  should  include  rates  of 
600  to  800  pounds  of  ¥2®%  Per  acre>  in  most  instances.    The  range  in 
rates  should  be  adequate  to  include  all  important  increases  in  yields 
Also.,  a  sufficient  number  of  rates  should  be  used  to  permit  accurate 
description  of  the  yield  curve „    No  fewer  than  h  and  preferably  as 
many  as  6  rates  are  suggested,  but  further  research  is  needed  to 
determine  the  minimum  number  for  different  types  of  situations „  Close 
cooperation  between  economists  and  agronomists  is  needed  in  planning 
experimental  work  and  in  developing  different  phases  of  the  analysis,, 

This  analysis  is  based  on  the  general  hypothesis  of  decreas- 
ing increments e    Different  equations  could  be  used  to  reflect  this 
hypothesise    The  equation  y  ~  M  (l»Rx)  is  used  in  this  report©  In 
this  equation  y  s  the  calculated  yield;  M  "  the  theoretical  maximum 
yield  possible  as  a  result  of  adding  fertilizer  under  conditions  of 
the  experiment;  R  =  the  ratio  of  successive  increments  in  yield  (a 
constant  less  than  ls0)|  and  x  ~  the  independent  variable  (P20^) 
which,  when  added  in  units  of  uniform  size,  results  in  the  function 
represented  by  Rs    Rx  for  a  series  of  units  of  fertilizer  is  determined 
by  raising  the  power  of  R  according  to  the  number  of  units.    Then  1-RX 
is  obtained  and  multiplied  by  M  to  calculate  the  yield  associated  with 
each  unit  of  application,.    This  equation  appears  to  be  satisfactory 
for  the  yield  data  used„ 
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The  Utah 

INTRODUCTION 

Farmers  need  to  know  the  rate  of  application  of 
fertilizer  that  will  return  them  the  most  pro fit *  They 
want  to  realize  the  full  benefits  that  fertilizer  will 
bring  but  they  want  also  to  avoid  waste •    It  is  easy  for 
them  to  learn  whether  fertilizer  will  increase  their 
yields.    They  can  test  it  on  their  own  crops  or  exchange 
experience  with  their  neighbors,.    They  can  study  the 
results  of  the  many  tests  made  at  agricultural  experiment 
stations,    But  usually  they  cannot  get  from  these  sources 
of  information  the  most  profitable  rate  of  fertilizer  to 
use  on  their  own  fields  , 


Experience  has  shown  that  generally,  throughout  the  range 
in  practical  application  increases  in  yield  become  smaller  from 
each  successive  unit  of  fertilizer  added*    This  observed  relation- 
ship is  commonly  known  as  "the  principle  of  decreasing  increments," 
(8)w  1/    The  most  profitable  rate  of  application  is  the  rate  at 
wKich  the  value  of  additional  yields  will  no  more  than  cover  the 
cost  of  the  additional  fertilizer    Neither  smaller  nor  larger 
applications  would  pay  as  well0 

The  question  of  the  most  profitable  rate  of  fertilizer  to 
use  on  irrigated  fields  is  becoming  increasingly  important .  Both 
experimental  results  and  farmers'  experiences  indicate  a  good 
response  from  fertilizer  in  many  areas  where  water  for  irrigation 
is  adequate,,    These  findings  are  reflected  in  the  increased  use 
of  fertilizer  in  the  irrigated  West  „    From  19h3  to  1950,  for  ex- 
ample 5  consumption  of  nitrogen  and  phosphate  in  western  States 
increased  threefold e  2/    As  more  fertilizer  is  used  it  will  become 
a  larger  and  larger  item  in  cost  of  production  of  crops  and  there- 
fore of  greater  consequence  to  farmers 0    Farmers  who  use  fertilizer 
for  the  first  time  and  those  who  have  used  it  for  some  time  will 
be  increasingly  concerned  with  its  efficient  use, 

Procedures  based  on  the  principle  of  decreasing  increments 
are  used  in  this  report  in  calculating  the  physical  response  and 
the  economic  returns  from  varying  rates  of  commercial  fertilizer 
for  specific  experiments,,    This  report  indicates  a  method  that  can 
be  used  by  agricultural  workers  to  interpret  fertilizer  response 
data,  how  the  cost  and  returns  relationships  can  be  analyzed,  and 
how  the  results  osnbe  presented  to  farmers e    The  procedure  is 
illustrated  by  the  use  of  data  that  show  the  response  in  yield  of 
irrigated  alfalfa  to  applied  P2^5  in  five  experiments  in  three  . 
western  States c    Results  from  these  experiments  illustrate  the 
variations  in  yield  curves  to  be  found  even  with  one  crop  and  a 
single  plant  nutrient.    The  results  also  suggest  that  the  most 
profitable  rate  of  application  may  be  higher  than  is  generally 
supposed, 


1/  Underlined  numbers  in  ^arent^ses  refer  to  Literature  Cited, 

2/  Includes  Washington,  Oregon,  California,,  Montana,  Idaho, 
Wyoming,  Colorado^  New  Mexico^  Arizona,  Utah,  Nevada,  North  Dakota, 
South  Dakota,  Nebraska,  and  Kansas,,    During  this  period,  consump- 
tion of  nitrogen  in  these  States  increased  from  hi ,39$  to  166, 98U 
tons  and  P20^  from' 50,02li  to  158, 503  tons  ,    This  increase  for  each 
of  these  nutrients  is  much  greater  than  for  the  United  States  as  a 
whole,.    National  use  of  nitrogen  (N)  was  1|19$000  tons  in  19^0  and 
955,639  tons  in  19504    For  T?2®<  consumption  rose  from  912,000  tons 
in  19U0  to  1,9295878  in  1950, 
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METHODS  USED  IN  THE  ANALYSIS  3/ 

Economic  interpretation  of  response  to  fertilizers  involves 
first  the  characterization  of  the  response  curve  for  crop  yields 
at  the  various  rates  of  fertilizer  application  used  in  the  experi- 
ment o    Once  this  is  accomplished,-  the  rates  and  combinations  of 
fertilizer  that  would  be  most  profitable  under  stated  conditions 
may  be  calculated 0 


Various  approaches  may  be  used  in  characterizing  the  response 
curve o    The  method  employed  here  is  based  on  the  general  hypothesis 
that  as  fertilizer  is  added  in  units  of  uniform  size,  yields  in- 
crease at  a  constantly  decreasing  rate  (k9  8$  9)  <>  h/    The  equation, 
y  =  M  (l-Rx)  is  a  form  of  an  exponential  function  in  which  x,  the 
variable,  is  an  exponent  of  R,  the  constant  ratio  of  successive  in- 


crements in  yield0  5/    The  value  of  this  ratio,  R,  is  always  less 
than  100,  and  its  numerical  value  is  determined  by  the  nature  of 
the  response  as  shown  by  the  reported  yields,  and  the  size  of  the 
unit  of  fertilizer  used  in  making  the  calculations „    The  constant, 
M,  is  the  theoretical  maximum  yield  that  could  be  obtained  with 
unlimited  fertilizer,  other  conditions  remaining  the  same,,  The 
calculated  yield,  y,  for  any  rate  of  fertilizer  is  determined  as  a 
percentage  of  this  theoretical  maximum  yield. 


3/  Certain  passages  describing  methods  and  procedures  were  pre- 
pared jointly  by  the  author  of  this  publication  and  of  F„M.  105>, 
"Determining  Profitable  Use  of  Fertilizers,"  Bur0  Agr,  Econ,  May 
1953.  Processed 0 

h/  Unit,  as  used  here,  has  no  relation  to  the  term  as  used  in 
fertilizer  manufacture 0    Here  it  refers  to  a  quantity  of  plant 
nutrient  which  may  vary  among  experiments  and  which  for  computa- 
tional purposes,  may  be  varied  within  the  procedure  followed, 

5/  This  equation  and  procedures  for  using  it  in  analyzing 
fertilizer  rate  experiments  involving  one  or  more  variables  was 
developed  by  W0  JD  Spillman  and  published  as  Ue  S9  Dept,  Agr. 
Technical  Bulletin  3U8,  "Use  of  the  Exponential  Yield  Equation 
in  Fertilizer  Experiments"  (£)„    More  recent  exploratory  work 
has  resulted  in  restatement  and  modification  of  these  procedures, 
thereby  facilitating  the  work  of  economic  interpretation 0  See 
"Determining  Profitable  Use  of  Fertilizers"  (2). 


Developing  the  Yield  Curve 


The  Equation 
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Figure  1  is  a  hypothetical  illustration  of  the  principle  of 
decreasing  increments  as  expressed  by  the  equation  y  =  M  (l-Rx)„ 
As  shown  in  this  example ,  the  applied  portion  of  the  fertilizer  nu- 
trient is  divided  into  six  equal  units »    The  calculated  increment 
in  yield  is  35000  pounds  for  the  first  unit  of  fertilizer,  2,2^0 
pounds  for  the  second,  ls687o3>  pounds  for  the  third,  and  so  on,  Each 
yield  increment  is  75  percent  of  the  one  that  precedes  it0    In  other 
words,  R  =  Oo75  when  the  input  of  fertilizer  is  divided  into  six 
units o 

If  the  calculations  are  made  in  such  a  way  that  the  total 
fertilizer  added  is  divided  into  three  equal  units,  the  first  in- 
crement in  yield  would  be  5,25>0  pounds,  the  second  2,953ol2£  pounds, 
and  the  third  l566loI3  £  pounds „    In  this  case  each  increment  is 
56„25  percent  of  the  one  preceding  it,  and  R  s  0,5625>«    The  sum  of 
the  increments  is  the  same  as  before „    Thus,  when  we  divide  the 
total  added  fertilizer  into  a  smaller  number  of  larger  units,  the 
effect  is  to  reduce  the  value  of  R,  without  changing  the  shape  of 
the  curve  and  yields  read  from  it  are  the  same* 

The  constant  M,  or  maximum  yield,  is  the  sum  of  two  other 
constants  Y0  and  A5  in  which  Y0  is  the  yield  without  applied  ferti- 
lizer and  A  is  the  maximum  additional  yield  that  can  be  obtained 
from  fertilizer 0    The  maximum  additional  yield  (A)  may  be  calculated 
from  Y0  or  from  any  other  point  on  the  curve 0    Thus,  M  is  the  sum 
of  A  and  Y  at  the  point  from  which  A  is  calculated.    These  constants 
likewise  are  not  affected  by  a  change  in  number  of  units  into  which 
the  total  input  fertilizer  is  divided.    The  constant  A  may  be  cal- 
culated by  dividing  the  first  increment  in  yield  by  1-R0    When  the 
fertilizer  input  is  divided  into  6  equal  units,  as  noted  above,  the 
first  increment  in  yield  was  3,000  pounds,  R  was  0o75>^  and  1-R  was 
0o25o    Therefore,  A  equals  32000  f.  0o25  =  12,000  pounds0    Also,  when 
the  total  input  was  divided  into  3  units,  the  first  increment  was 
5,250  pounds,  R  was  0a£62£,  and  1-R  was  0<>li375°    A  equals  12,000 
pounds  as  before  ($§2$0  ~  0oU375>)°    Therefore,  M  is  the  same  in  each 
instance  because  M  is  equal  to  A  plus  the  yield  at  no  input  of  ferti- 
lizer o    As  the  yield  at  no  input  is  3e9000  pounds,  M  ~  l55000  pounds. 

The  fact  should  be  emphasized  that,  to  facilitate  computa- 
tions, a  determination  is  made  of  the  size  of  unit  required  to 
render  R  a  specified  value 0    This  is  done  solely,  as  is  illustrated 
later,  to  reduce  the  number  of  computations  required e    It  is  in  no 
way  inconsistent  with  the  fact  that  R  (as  initially  calculated)  may 
have  a  different  value  for  each  experiment,,    Adjustment  in  the 
size  of  a  unit  so  that  R  may  be  expressed  as  a  constant  specified 
decimal  fraction  saves  a  great  deal  of  computation  because  values 
may  be  read  directly  from,  a  prepared  table  of  1«RX  values 0  Table 
8  is  such  a  table,  prepared  on  the  basis  of  R  "  0»80o 
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Definitions  of  Terms  and  Symbols 

The  terms  and  symbols  used  in  developing  the  yield  curve  with 
a  single  variable  are  as  follows: 

1„    The  yield  equation  is  y  =  M  (l-R  )  in  which 
y  =  the  calculated  yield e 

M  =  the  theoretical  maximum  attainable  yield  from  adding  unlimited 
units  of  x,  the  variable,  when  other  yield-influencing  factors 
remain  constant c 

R  S  the  ratio  of  successive  increments  in  yield— a  constant  less 
than  1,0„ 

x  s  the  input  variable  (in  this  case  which  consists  of  two 

parts ,  that  contained  in  the  soil  ana  that  applied „ 

Rx  s  R  raised  to  the  power  indicated  by  the  level  of  x. 

1-RX  s  the  difference  between  lo0  and  the  x  power  of  R  (Rx)  at 

any  stated  level  of  the  input.    It  is  the  function  which, 
multiplied  by  M,  results  in  the  calculated  yield „ 

20    Other  constants  used  in  developing  the  curve  and  in  calculating 
yields , 

i  =  the  increment  in  yield  associated  with  the  first  unit  of 
applicationi    i2  =  the  second  increment,  etc 

A  -  the  theoretical  maximum  additional  yield  that  may  be 

obtained  from  adding  the  variable,  other  yield-influenc- 
ing factors  constant e 

Calculation:    A  =  z   ^-V-h-U^  et°' 

Y  =  the  reported  yield         YQ  is  the  reported  yield  at  no 
application, 

p  s  calculated  quantity  of  T?2®c;  in         soil  measured  in  the 
same  units  as  the  applied  portion 9 

Calculations  (log  M  -  log  A)/  log  0*8o    This  expresses  p  in 
terms  of  units  of  the  size  required  to  render 
R  =  0,8,     (See  definition  of  u  below.)    p  is 
one  of  the  components  of  x,  mentioned  earlier « 
When  dealing  with  nitrogen  or  potash,  the  com- 
parable quantities  of  these  nutrients  are  re- 
ferred to  as  n  and  k,  respectively B 
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b  -  the  applied  portion  of  P2^5°    As  used  in  "the  equation,  it  is 
expressed  in  terms  of  units  of  a  size  required  to  render 
R  =  0.8. 

Calculation:    Pounds  of  applied  P2O5  At  (see  below) a  Thus 
Rx  for  P20^  becomes  RP+°„ 

u  =  the  number  of  pounds  in  a  unit  of  x,  or  (p+b),  required  to 
render  R,  a  specified  value,  008  as  illustrated  hereB 

Calculation:    u  ~  log  0.8/iog  R,  times  the  number  of  pounds 
per  unit  used  in  determining  the  value  of  R, 

Thus,  any  number  of  pounds  applied,  b,  divided  by  the  • 
determined  value  of  u,  expresses  b  in  terms  of  units «  From 
this  point  on  the  term  "unit"  refers  specifically  to  the 
quantity  of  the  input  variable  that  would  be  required  to 
render  R  ~  0*8.    The  number  of  units  of  x,  or  (p4b)  are  lo- 
cated in  table  15  and  the  corresponding  1».RX  values  read  from 
that  table ,    Conversion  ,  to1  a  size  of  unit  such  that  R  will  equal 
0*8.    has  no  significance  other  than  that  it  simplifies  the 
computations  a 

Yield  Data  Used 

Experiments  dealing  with  p20f  on  irrigated  alfalfa  are  used 
to  illustrate  the  calculations  of  the  yield  curve  and  of  the  most 
profitable  rate  of  fertilizer  application „    Phosphate  fertilizer 
frequently  results  in  increased  yields  for  several  years  after 
application  and,  for  this  .reason,  yield  responses  should  be  measured 
for  several  years  following  the  initial ^application  of  phosphate. 
Alfalfa  is  one  of  the  more  responsive  crops  to  phosphate  fertilizer 
and  as  it  is  a  perennial  it  is  well  suited  to  measure  the  response 
over  a  3 -year  period,    A  review  (6)  in  the  West  through  19h9  re- 
vealed few  field  experiments  with  alfalfa  in  which  the  total  yield 
response  to  initial  applications  of  PpO^  was  measured  for  a  period 
of  3  years  or  longer.    However,  data  from  five  experiments  at  three 
locations  on  irrigated  land  in  Arizona,  Nebraska,  and  Utah  appeared 
suitable  for  analysis.    The  data  on  yield  response  in  four  of  these 
experiments  indicated  a  serious  deficiency  of  available  phosphate. 
A  recent  survey,  however,  indicates  that  phosphate  deficiency  is 
not  generally  serious  in  most  western  soils  (6),    -The  results  pre- 
sented here,  therefore,  cannot  be  considered  indicative  of  any  sit- 
uations except  those  represented  by  the  experiments « 

In  all  five  experiments  the  fertilizer  was  applied  at  the 
beginning  of  the  test,  with  no  supplemental  application  made  dur- 
ing the  3  years  included  in  this  analysis,    A  brief  description 
of  each  of  the  experiments  from  which  data  were  taken  for  this 
study  is  given  in  the  appendix. 


Method  of  Calculating  Constants  and  Yields 


The  problem  is  to  develop  a  smooth  curve  9  any  point  on  which 
will  represent  the  yield  to  be  expected  on  the  average  for  the  indi- 
cated rate  of  application,.    No  matter  what  equation  is  assumed  to 
describe  these  yields  to  be  expected  some  method  must  be  employed 
for  estimating  the  constants  in  that  equation,,    Frequently  the 
method  of  least  squares  is  an  efficient  method  of  estimationj  how- 
ever, when  only  a  few  rates  are  included,  the  constants  (R5M,  A, and 
others  described  earlier)  may  be  determined  by  graphic  approximations 
When  only  three  rates  are  given s  one  may  omit  the  graphing  because 
for  this  number  of  rates  only  one  answer  is  possible,    When  four  or 
five  rates  (the  maximum  number  in  the  experiments  analyzed)  are  used, 
good  results  can  be  obtained  by  graphic  approximation 0    Data  from 
experiment  2  were  used  in  all  steps  involved  in  finding  constants  of 
the  equation,  in  calculating  yields  at  any  specified  rate  of  appli- 
cation,  and  in  determining  the  most  profitable  rate  of  application „ 
Data  used  for  purposes  of  illustration  comprise  total  yields  for  the 
3-year  period  for  that  portion  of  the  experiment  receiving  irrigation 
treatment  A0 

First,  the  reported  yields  for  the  four  rates  of  ^fl^  axe 
plotted  on  graph  paper ,    A  smooth  curve  is  draxm  freehand  to  fit 
these  points  as  closely  as  possible  (figo  2)    The  method  then  in- 
volves readings  at  three  points  on  the  freehand  curve,  one  of  which 
is  midway  between  the  other  two  on  the  X-axis 0    In  this  instance s 
the  range  used  in  calculating  the  value  of  the  constants  is  that 
part  of  the  curve  between  100  and  600  pounds  of  applied  P20^s  Thus 
the  mid-point  yield  is  associated  with  a  rate  of  350  pounds  and  is 
read  as  21ok0  tons  from  the  freehand  curve „    The  other  two  points 
are  the  yields  associated  with  rates  of  100  and  600  pounds „  Read- 
ings at  the  lowest  and  highest  rates  need  not  necessarily  be  usedo 
The  freehand  curve  does  not  necessarily  pass  through  any  reported 
yield „    Reference  to  the  list  of  definitions  of  terms  will  help 
to  explain  the  following  calculations  of  constants  based  on  the 
readings, 

1,  b  Y 

(Pounds)  (Graphic  Units)  tons 
100  0  21.8U 

(350)  1  27.U0 

600  2  29*12 


i  R  1-R 

tons  (1.3/1) 

l°c72     0o  30935       0  o69065 


20  A  3  i/i-R  s  5o56A69065  =  8o050h  tons 
3«  M  =  A  j.  YQ  s  29o890l  tons 

iu  Log  R  =  log  0,30935  ■  9»h90h$  -  10  =  «0o50955 


5o  u  =  log  0o8/log  R  =  -0, 09691/- O0o50955  =  0o1902    250  lb.  units 

-  ii7»55  pounds 
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6,  pi  b  at  0  graphic  units  (100  lbs.  b)  =  (log  M  -  log  A)/log  0.8 

-  (1. 175527-0. 9056l7)/-0. 09691 
=  0.569710/-0. 09691 
=  5.8788  units 

Note:  When  a  yield  at  zero  application  (reported  or  read  from  the 
freehand  curve)  is  used  as  one  of  the  points ,  the  result 
of  this  calculation  is  the  value  of  p. 

7.  Calculation  of  the  3 -year  total  yields  on  the  ^2®$  curve: 

 x  

b.              b             p  p  4-  b  l-RP+b  y     y  I 

lbs.         units       units  units      (From  table  8  -     tons  2/  tons 

(0)3/       -  3.7758  3.7758  0,569a06  17.02"  ~ 

100        2ol030  3,7758  5*8788  .730680  21.81i  21.81i 

200        Ii.206l  3.7758  7.9819  .831558  2lw86  2lu31 

(350)       7,3607  3.7758  11.1365  .916681  27. kO 

U00        8.U122  3.7758  12.1880  .93^105  27c 92  28,70 

600       12.6183  3.7758  l6„39lil  .971226  29.12  29.12 

1/  Values  interpolated  for  fractional  units  not  shown  in  table  8. 
2/  y  =  M  (l-RPtb) 

=  29.890U  (l-RP+b) 
3/  Rates  shown  in  parentheses  were  not  included  in  the  experiment* 


Calculating  the  Most  Profitable  Rate 

The  theoretical  most  profitable  rate  of  P2O5  to  apply  under 
conditions  of  this  experiment  is  calculated  here,  using  constants 
derived  in  developing  the  yield  curve.    It  is  the  rate  at  which  re- 
turns above  the  cost  of  fertilizer  are  at  a  maximum.    Either  a 
higher  or  lower  rate  results  in  a  smaller  return  above  the  cost  of 
fertilizer c 

Hay  is  valued  as  it  stands  in  the  field.    From  an  estimated 
market  price,  a  staged  amount  is  deducted  for  harvesting  and 
marketing  costs.    This  procedure  does  not  allow  for  flexibility  in 
costs  of  harvesting  as  the  yield  increases <    Thus,  if  the  deduction 
per  ton  for  these  costs  is  more  than  such  costs  would  be  at  the 
higher  yields,  the  effect  would  be  to  lower  the  calculated  most 
profitable  rate.    However,  this  factor  is  not  usually  of  sufficient 
importance  to  affect  the  results  materially. 

Increased  yield  is  the  only  benefit  assigned  a  monetary 
value  in  this  presentation  but  other  items,  such  as  quality  of 
crop,  nitrogen  fixation,  response  of  following  crops  to  residual 
PpO-;,  and  general  improvement  of  soil,  may  justify  evaluation. 


Values  used  in  determining  the  most  profitable  rate  of  appli- 
cation are  Q  and  r"e 

1„    Q  =  — ,  in  which  v  =  the  value  per  unit  of  the 

vMC  -InR ; 

crop  less  harvesting  and  marketing  costs,  and  InR  is 
the  natural  logarithm  of  R  (0ft8  in  these  illustrations) , 
Thus  -InR  is  0.223llt35211u    This  factor  is  used  in  the 
determination  of  Q„    M  has  been  defined  earlier0 

2e    r"  =  the  monetary  cost  of  a  unit  of  be 

Calculation:  Cost  of  T?20%  per  pound  times  u„ 

The  generalized  form  for  calculating  the  most  profitable  rate  of 
application  of  ¥2®$  (b)  ^s  as  follows: 

1,  Q  r"  =  RP^D  only  at  the  point  of  maximum  returns 
with  respect  to  fertilizer e 

2,  1-RP^D  is  then  determined  by  subtraction  and  the 
resulting  value  is  located  in  table  8c 

3«  p4-b  is  the  x  value  associated  with  l-RP+b ,  table  6e 

U«  Unit  value  of  p,  previously  determined , 

5>e  Item  3  minus  item  h  -  most  profitable  rate  in  units., 

6,  Item  5  times  u  s  most  profitable  rate  in  pounds  * 

Using  the  method  described  above,  the  most  profitable 
rate  of  application  is  calculated  as  shown  below.  The 
value  of  hay  standing  in  the  field  (v)  is  taken  as 
*20tf00  a  ton.    The  constant,  M,  has  been  determined 
as  29*890ii  tons. 

Thus,  Q  =  1/(29. 890ii.) (20) (0.2231ii)  =  1/133*39698=  0,00750, 

The  cost  of  PgO^  is  taken  as  $  0*09  a  pound,.    As  u  in  the 
preceding  calculations  is  hi  SB  pounds,  r",  the  cost  of  this  quan- 
tity of  P20t  is  %  k*2195*    Thus,  Qr%  or  RP*b  =  0,03210.  Hence, 
1-RP+D  is  0.96790c    Referring  to  table  8,  the  corresponding  x 
value  is  l5.iil  units,.    As  p  has  been  determined  as  3*78  units,  b 
is  11,63  units  of  U7-.-55  pounds  each,  or  533  pounds*    This  is  the 
calculated  most  profitable  rate  applied  at  the  beginning  of  the 
experiment  indicated  by  the  total  response  over  a  3-year  period* 


RESULTS  AMD  DISCUSSION 


A  method  cf  establishing  a  yield  curve  and  for  calculating 
the  most  profitable  rate  of  fertilizer  application  has  been  illus- 
trated in  the  preceding  pages e    Results  from  this  method  applied 
to  data  from  five  experiments  on  alfalfa  fertilized  with  ?2®$  are 
now  presented  and  discussede    Each  experiment  is  briefly  described 
in  the  appendix a    These  results  necessarily  apply  only  to  the  con- 
ditions of  the  experiments ,  but  may  serve  as  a  guide  in  similar 
situations e    The  problem  of  translating  these  results  into  recom- 
mendations will  be  discussed  later c 

Alfalfa  Hay  Yield  Curves 

Seven  yield  curves  were  prepared,  four  for  Arizona 5  two 
for  Nebraska,  and  one  for  Utah0    The  constants  necessary  to  cal~ 
culate  yields  for  any  given  rate  of  P2CV  application  for  each 
experiment  are  shown  in  table  lc    The  calculated  yields  for  the 
rates  actually  applied  and  for  some  additional  rates  are  shown  in 
table  2„    These  calculated  yields  in  turn  were  used  to  construct 
the  curves  for  experiment  2  shown  in  figure  3  and  for  experiments 
1$  3 3       and  5>  shown  in  figure  k»    It  may  be  noted  that  the  reported 
yields  all  lie  fairly  close  to  the  curve  in  each  case* 

The  relationship  of  irrigation  practice  in  combination  with 
different  rates  of  applied  P20^  is  shown  in  the  yield  curves  for 
irrigation  treatments  A,  B,  and  C  (fig«  3)»    Approximately  the  same 
amount  of  water  was  applied  over  the  3  years  in  each  instance 0  But 
in  treatment  A  the  water  was  applied  in  relatively  large  and  infre» 
quent  irrigations j  in  treatment  B  in  moderately  large  irrigations 
at  medium  intervals  and  in  treatment  C  in  small  but  frequent  inter- 
vals .„    Higher  yields  were  associated  with  the  more  frequent  small 
irrigations ,  especially  at  the  higher  rates  of  fertilization,,  When 
no  fertilizer  was  applied,  yields  were  not  reported s    However ,  the 
yields  calculated  when  no  ^2^^  was  applied  were  about  the  same  for 
all  irrigation  treatments© 

These  data  are  in  agreement  with  the  general  experience  that 
adequate  moisture  is  essential  to  most  efficient  use  of  fertilizers , 
Thuss  both  irrigation  practice  and  rates  of  application  of  fertili- 
zer must  be  evaluated  in  determining  the  most  profitable  combination 
of  these  two  factors  of  growth,    The  costs  of  the  water  and  of  its 
application  are  not  considered  in  this  report,  which  is  limited  to 
economic  interpretation  of  use  of  fertilizer  as  a  single  variable. 
But  it  should  be  noted  that  at  rates  of  iiOO  and  600  pounds  of  ?2®$ 
applied  per  acre,  3-year  total  yields  were  about  8  tons  more  per 
acre  for  irrigation  treatment  C  than  for  treatment  A0 

The  differences  in  the  yield  curves  for  irrigation  treat- 
ments A,  B,  and  C  reflect  the  effect  of  different  yield  influenc- 
ing factors,  which  presumably  in  this  instance  are  primarily  dif- 
ferences in  fertilizer  and  water  treatments.    Because  of  this  fact 
different  constants  are  found  for  the  yield  equation  derived  from 
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Table  2.-  Calculated  3-year  total  yields  per  acre  of  alfalfa  at 
different  rates  of  ^2®$  applied  only  in  the  first 

year  1/ 


P  n  ,  . 

P2°5  ! 
applied! 

per  : 

acre  ; 

!            Arizona  experiments  i 
:              i            2  (YM-76)  s 
tl  (YM-l):    Irrigation  treatment  : 

!              :      A      :      B      :      C  5 

i>                          *                       •                       a  < 
»                          *                       *                       •  « 

Nebraska            :  Utah 
experiments         :  experiment 

3    !  u    :  5 

(Kinatare )  [  (MitchelL)*  (Millville ) 

Pounds  : 

:  Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

U » U  : 

{(  0.60)^/ (17.02) 

(20,57) 

(18.99) 

7.29 

15.13 

7.2h 

31.5  ! 

9«3k 

17«26 

U5.0  s 

10.13 

17.6ii 

5o.o  ! 

9.8U 

67.5  i 

11.35 

18.03 

90.0  ; 

12.Ui 

18.11 

100.0  : 

•  8.22 

21, Bit 

2U.32 

27.30 

(12,89.) 

(18. 1U) 

11.68 

200.0  : 

►  13.56 

2U.86 

27.15 

32.11 

(16. U3) 

(13.90) 

UOO.O  : 

19.91 

27.92 

30.91 

36.51 

(20.08) 

(15.56) 

600.0  ) 

"(23.03) 

29.12 

33.06 

37.98 

(21.510 

(15.99) 

800.0  ! 

!(2U„56) 

(29.61) 

(3U.29) 

(38.U7) 

(22,12) 

(16,10) 

900.0  ! 

! (25.00) 

(29.70) 

(3U.68) 

(38.58) 

(22,26) 

1000.0  : 

(25.31) 

(29.77) 

Oh.99) 

(38.610 

(22.35) 

1/  Yields  in  parentheses  are  extrapolations. 


2/  The  calculated  yield  at  zero-rate  of  ?2®5  ^s  mucn  lower  in  this 
experiment  than  in  experiment  2,  although  botn  were  conducted  on  virgin 
Superstition  fine  sand.    No  information  is  available  to  explain  the 
discrepancy* 


reported  yields  for  the  same  rates  of  application  of  1*2®%  Du"t  for 
different  irrigation  treatments.    For  example,  the  value  of  R  is  a 
mathematical  expression  of  the  character  of  the  curve.    At  any 
specified  size  of  unit,  the  higher  the  numerical  value  of  R  the 
more  gradual  but  more  sustained  is  the  slope  of  the  curve.  Conversely, 
the  lower  the  value  of  R,  the  more  abrupt  is  the  rise  of  the  curve  and 
the  more  rapidly  it  flattens  as  it  moves  in  the  direction  of  M.  This 
is  brought  out  in  figure  3.    When  R  is  found  in  terms  of  a  unit  of  50 
pounds,  the  lowest  R  value  for  the  3  curves  is  0.76,    This  is  for 
irrigation  treatment  C,  for  which  the  curve  rises  abruptly  from  the 
start.    This  means  that  on  this  sandy  soil  smaller  but  more  frequent 
irrigations  resulted  in  obtaining  a  larger  proportion  of  the  total 
response  to  each  successively  higher  rate  of  application  of  ?2®5>  than 
did  the  treatments  representing  the  less  frequent  irrigations.  The 
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other  two  curves,  particularly  the  one  for  irrigation  treatment  B, 
rise  less  rapidly  but  the  rise  is  sustained  longer a    The  R  value 
for  irrigation  treatment  B  is  0o87,  when  found  in  terms  of  50- 
pound  units.    For  irrigation  treatment  C,  the  value  of  R  is  Os79» 
These  numerical  values  of  R  (size  of  unit  constant)  reflect  the 
nature  of  the  curve,  which  in  turn  is  a  reflection  of  all  the 
conditions  of  the  experiment. 

The  greater  parts  of  the  yield  curves  for  experiments  3 
and  5  (figs  h)  were  projected  beyond  the  range  of  recorded  yields 
because  of  the  relatively  low  maximum  rates  of  fertilizer  applied 
in  the  experiments ,    The  validity  of  these  projected  curves  could 
be  determined  more  definitely  by  additional  trials  that  would 
include  higher  rates  of  fertilizer a 

The  Most  Profitable  rate  of  P2O5  Application. 

The  discuss.ion  now  turns  to  the  location  of  the  point  on 
these  yield  curves  that  is  associated  with  the  most  profitable 
rate  of  application 0    It  may  be  recalled  that  this  is  also  the 
point  at  which  total  returns  from  the  crop  above  the  cost  of  ferti- 
lizer are  maximized „    More  or  less  fertilizer  (even  a  small  quan- 
tity) would  reduce  the  net  return*    We  can  illustrate  these  facts, 
again  using  data  from  experiment  2,  irrigation  treatment  A 
(table  1),    The  most  profitable  rate,  (with  alfalfa  at  $20P00  a 
ton  and  P2CV  at  9  cents  a  pound)  was  found  to  be  553  pounds  of 
?2®£  Per  acre,  and  the  corresponding  yield  was  28*9309  tons  of  hay 
over  a  3-year  period <.    Computations  at  this  553-pound  rate  and  at 
5U8  and  558  pounds ,  follows 


P20£  Vipld 
ap- 


Tons 


Lbs 


5U8  28.,  9067 
553  28,9309 
558  28.9518 


Value  of 
total 
yield 


Dols, 


578.13 
578,61 
579,03 


Total  cost  Returns 


of  ferti- 
lizer 


Dols, 

U9.32 
1*9.77 
50022 


Addi- 


above 
cost  of 
fertili-  | 
zer  <3uan 


ti onai 
yield 


Addition- 
al ferti- 
lizer 


Q 


uan= 


*Cost 


528,81 

528, 8U  0,021*2  0,1*8  5  0.1*5 
528,81    ,0209      oi|2       5  d6 


Note  that  return  above  cost  of  fertilizer  is  highest,  $528„81*5 
when  553  pounds  of  P20c;  are  applied.    The  return  is  slightly  lower, 
$528.81,  when  51*8  pounds  are  applied,  and  it  is  also  $528 „ 81  when  558. 
pounds  are  applied ,    The  most  profitable  rate  is  also  where  the  value 
of  the  last  increment  in  yield  equals  the  cost  of  the  added  fertilizer 0 
At  the  553-pound  rate  the  last  5  pounds  of  P2O5  added,  costing  $0oii5, 
results  in  an  increment  of  0*021*2  tons  of  hay  worth  $0oU8.    At  the  558- 
pound  rate,  the  last  5  pounds  of  ^2®%  resulted  in  an  increment  of 
0.0209  tons,  worth  $0*14.2*      At  this  rates  the  value  of  the  incremental 
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yield  does  not  cover  the  added  cost  of  fertilizer.    The  fact  that 
the  most  profitable  rate  of  application  of  fertilizer  is  also  the 
one  at  which  the  additional  cost  is  .just  covered  by  the  additional 
value  of  production,  is  useful  in  ascertaining  the  most  profitable 
rate  for  various  price  relationships. 

For  practical  use,  a  table  of  yield  increments  may  be  pre- 
pared showing  small  units  of  ?2®<>  such  as  20  pounds,  (table  3)< 
From  this  table  the  most  profitaole  rate  for  conditions  represented 
by  the  experiment  can  be  located  to  the  nearest  20-pound  unit* 
This  most  profitable  rate  is  found  by  locating  in  the  table  that 
yield  increment  the  value  of  which  covers  the  cost  of  20-pounds  of 
p20t-J  then  reading  the  associated  rate  of  fertilizer  application. 
For  instance  3  with  ?20^  a '  $10,09  a  pound,    20-pound  unit  costs 
$lo80?  and  with  hay  at  $20  a  ton  an  increment  of  0309  tons  is  re- 
quired to  cover  that  cost0    Continuing  with  experiment  2-A3  the 
increment  in  table  3  nearest  0.09  is  0.,09l5  tons  and  the  associated 
rate  of  ^2^^  application  is  560  pounds , 

The  most  profitable  rate  of  PpO^  application  for  other 
prices  of  hay  and  ?20r;  can  also  be  ascertained  from  this  table  * 
Suppose  P20^  remains  at  $0. 09  a  pound  but  hay  is  $30*00  a  ton,  The 
cost  of  a  20-pound  unit  is  again  $1*80^  but  now^  only  0S06  ton  of 
hay  is  required  to  cover  that  cost«,    Reading  from  the  table,  we 
find  the  nearest  yield  increment  is  0906273  and  it  is  associated 
with  an  application  of  6^0  pounds  of  P20^«    With  hay  at  $l5»00  a 
ton  it  takes  0e12  tons  of  hay  to  cover  tne  cost  of  a  20-pound 
unit  of  PgO^0    The  nearest  yield  increment  is  0C12135  which  is 
associated  with  a  rate  of  500  pounds  of  P20c;9    This  is  the  most 
profitable  rate  of  applications    Other  prices  of  hay  and  P20j-  can 
be  readily  substituted 0 

For  various  reasons s  some  farmers  may  decide  to  apply  some- 
what fewer  units  of  fertilizer  than  the  calculated  most  profitable 
rate.    The  net  returns  on  the  last  units  of  P2O5  are  small.  Ad- 
verse growing  conditions  could  nullify  part  of  the  potential 
response,,    A  farmer  having  inadequate  capital  might,  prefer  to  use 
part  of  his  funds  to  improve  some  other  yield -limiting  factor  such 
as  an  inadequate  irrigation  system  *    These  considerations  are 
pertinent  in  view  of  the  limitations  surrounding  the  estimates 0 

For  farms  on  which  production  conditions  and  the  yield  curve 
appear  to  be  the  same  as  those  on  an  experiment  such  as  2-A^  the 
most  profitable  rates  may  serve  as  a  direct  guide „    Other  farms  with 
the  same  characteristics  of  yield  but  with  a  lower  or  higher  level 
of  yield  will  require  adjustments  in  the  rate  scale .    For  example 3 
on  a  farm  having  the  same  characteristics ,  but  with  yield  at  no 
application  the  same  as  the  experimental  yield  at  200  pounds,  that 
is  2lu86  tons }  the  scale  would  be  adjusted  as  follows! 

Fertilizer  

Farm~unTt5  ;  Experiment  units 
0  200 

XXX  XXX 

320  520 

3h0  5u0  $ 

360  560 
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Table  3.-  Calculated  yield  increments  of  alfalfa  per  acre  for  a  3-year 
period j  associated  with  each  additional  23-pound  unit  of  P2CV 
in  one  application  at  the  beginning  of  the  experiment  1/ 

n  „  i  Experiments 


applied  « 

1  ! 

Treatments 

* 

3  8 

1*  8 

5 

per 

acre  • 

t 

:  A 

8        B  8 

C  8 

• 
• 

Pounds? Units? 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

0 

ft 
* 

• 

■JL  0 

1. 71*80 

— 

1.1530 

— 

0.8362 

— 

2.01*35 

1.331*8 

-> 

1.6220 

1.11*91 

2  ! 

I.627I4 

1.01*97 

.7906 

1.8392 

1.2178 

.7701 

1.00C7 

60 

b 

3  s 

lo5l60 

.9550 

.71*61 

1.61*15 

1.1112 

.3657 

.9322 

80 

ft 

It  ! 

1.1*118 

.8710 

.7091* 

1.1*719 

1.0131* 

.1738 

.6980 

100 

a 

>  * 

1.311*7 

.7918 

.6681 

1.3201* 

.921*1* 

.0827 

.6610 

120 

* 
• 

6  2 

1.223 

.7219 

.6301* 

1.1950 

.81*37 

.0390 

.5751* 

lliO 

0 

7 

1.11*02 

.6561 

.597U 

1,01*82 

o7695 

.0181* 

.£013 

160 

• 

8  0 

I0O6I8 

.5981 

.561*0 

.507 

.7016 

.0087 

.1*366 

180 

« 

9  ' 

.9888 

.51*1*0 

.5356 

.851 

.  6i*08 

.001*1 

.3797 

200 

a 

10  ? 

09233 

.1*950 

.5050 

.761*0 

.581*3 

.3311 

220 

a 

11  % 

.85)47 

.1*510 

.1*770 

.6851* 

.5330 

.2882 

2l*0 

• 

12  j 

o7986 

.1*107 

.1*516 

.6130 

.1*862 

.2509 

260 

13  s 

.71*56 

.3739 

.1*271 

.5510 

o)4l*38 

.2181* 

280 

ft 

lit  s 

c6903 

.31*08 

.1*030 

.1*933 

.1*050 

.1906 

300 

15  t 

.61*52 

.3096 

.3826 

.1*1*23 

.3686 

.1657 

320 

16  8 

06005 

.2822 

,3$99 

.3969 

.3372 

.1514* 

31*0 

• 

17  t 

.5591 

.2568 

.31*19 

.3551 

.3070 

.1255 

360 

ft 
« 

18  s 

.5209 

.2337 

.3219 

.3186 

.2805 

.1097 

380 

• 

19  8 

.1*81*9 

.2128 

.3057  . 

.2858 

.2551* 

.0952 

1*00 

a 

20  s 

.1*519 

.1937 

.2888 

.2560 

.2337 

.0830 

U20 

c 

21  5 

.1*201 

.1767 

.2723 

.2296 

.212 

.0723 

1*1*0 

a 

22  s 

.3922 

.1611 

.2579 

.2056 

.191*3 

.0630 

1*60 

* 

23  s 

.36$$ 

.11*58 

.21*1*3 

.181*1* 

.1771 

.051*9 

I480 

2l*  s 

.3389 

.1331 

.2302 

.1653 

.1619 

o0l*76 

500 

ft 

25  8 

.3165 

.1213 

.2180 

.11*83 

oll*72 

.01*16 

520 

« 

26  8 

029hh  ■ 

.1100 

„2062 

.1328 

.131*6 

=0362 

51*0 

ft 

27  s 

.2751 

.1007 

.1951 

.1170 

,1228 

o03l6 

560 

a 

28  8 

.251*6 

.0915 

.181*3 

.1068 

.1117 

.0271* 

580 

29  8 

.2381 

.0831 

.171*5 

.0980 

.1022 

.0239 

600 

30  8 

o22l5 

.0759 

.161*6 

.0856 

.0929 

80208 

620 

ft 

31  : 

.2070 

.0691* 

.1558 

.0771 

.0851 

.0181 

61*0 

• 

32  8 

.1918 

o0627 

.11*70 

.0689 

.0771* 

.0159 

660 

* 

33  8 

.1786 

.0568 

.1397 

.0619 

.0709 

o0137 

680 

32*  s 

.1668 

.0520 

*  .1315 

.0551* 

.061*6 

.0121 

700 

» 
« 

35  8 

.1551 

.01*79 

.121*3 

.01*96 

.058 

oOlOl* 

720 

ft 

36  s 

0 114*8 

.01*33 

.1181 

.oU*5 

.0536 

.0091 

IhO 

• 

37  s 

.131*5 

.01*01 

.1110 

.0399 

.01*90 

.0080 

760 

ft 

38  8 

.1252 

.031*9 

.1053 

.0360 

.01*1*8 

.0067 

780 

ft 

39  t 

.1169 

.0323 

.0998 

.0325 

.01*07 

.0062 

800 

0 

1*0  8 

.1085 

.0299 

.091*2 

.0261* 

.0372 

o005l 

820 

ft 
• 

1*1  s 

.lOOl* 

.0889 

81*0 

1*2  8 

.0929 

.0839 

860 

1*3  8 

.0860 

.0792 

~~\f  In  us'ing^thTs^table  to  find  the  most  profitable  rate,  divide  the  cost  of 
20  pounds  of  P20^  by  the  price  per  ton  of  hay  standing  in  the  field.  The  re- 
sult is  the  fraction  of  a  ton  of  hay  equal  in  value  to  20  pounds  of  P2O50  Lo= 
cate  this  result  in  the  appropriate  column  and  from  the  left-hand  column  read 


the  rate  of  application  with  which  it  is  associated.    This  is  approximately 
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From  table  3  the  rate  on  the  fami  scale  associated  with  0o09  would 
apply o  6/    That  rate  would  be  about  360  pounds  compared  with  560 
for  the  experiment.    Or  the  "farm  scale"  could  be  adjusted  to 

figure  53 

The  approximate  most  profitable  rate  at  given  price  relation- 
ships may  also  be  determined  by  the  use  of  yield  increment  curves, 
as  shown  in  figure  5.    In  this  figure  the  yield  increments  (smaller 
than  OoiiiiOl)  taken  from  table  3,  are  plotted  against  ?2®5  applica- 
tions on  the  jase  scale  and  against  a  scale  of  increments  on  the 
vertical  scale .    The  most  profitable  rate  of  application  is  found 
as  before..    First,  the  size  of  yield  increment  necessary  to  cover 
the  cost  of  a  20-pound  unit  of  Pp^<  i-s  calculated ,    Then  the  incre- 
ment nearest  this  size  is  located  on  the  increment  (vertical)  scale a 
Reading  across,  the-,corresponding  point  is  found  on  the  curve  and 
the  rate  of  application  is  read  on  the  base  scale,    This  again  is 
approximately  the  most  profitable  rate9 

For  use  in  an  educational  meeting,  the  most  profitable  rate 
of  fertilization,  for  a  given  situation,  may  be  presented  effec- 
tively in  a  somewhat  simpler  way  as  shown  in  figure  6.    In  this 
chart,  most  profitable  yield  curves  are  drawn  for  three  alterna- 
tive prices  of  PpOc;,  and  for  prices  of  alfalfa  hay  ranging  from 
$10,00  to  $50.00  a  ton0 

A  farmer  who  plans  to  make  a  planting  of  alfalfa  will  know 
approximately  the  going  price  of  T?2®<>  ^ut  the  Prl°8  °£  hay  in  the 
next  3  years  is  less  certain^    Moreover,  some  farmers  regularly 
produce  hay  of  higher  or  lower  quality  than  the  average.,  Prospec- 
tive or  probable  prices  of  hay  are  discussed  and  each  farmer  can 
establish  his  own  assumed  price v~    From  the  chart,  the  most  profi- 
table rate  of  application  of  fertilizer  can  be  determined  for  any 
of  the  assumed  prices  of  hay?  whether  ?2®<  ^s  ^igure^  a^  ^he  going 
price  or  at  an  alternative  price  above  or  below  the  going  price. 
From  the  assumed  price  of  alfalfa  on  the  base  scale  of  the  chart,, 
a  point  is  located  on  the  curve j  from  this  point  the  most  profitable 
rate  is  read  on  the  vertical  scale s 

The  calculated  most  profitable  rate  is  not  intend-c1  as  a  final 
answer  for  either  a  specific  experimental  site  or  a  general  area- 
It  is,  however,  the  result  of  a  specific  definable  procedure  which 
may  be  altered  if  necessary,  as  experiments  and  experience  suggest? 
as  such  it  serves  as  a  sound  basis  for  deciding  hoi-;  much  fertilizer 
to  apply.. 


6/  0009  ~  tons  of  hay  at  $20,00  a  ton  required  to  pay  for  20 
pounds  of  PoOcr  at $0,09  a  pounds      1*80    _  n  An 
5  20760"  -  °°09' 
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It  is  of  interest  to  compare  the  most  profitable  rates  of 
application  for  the  5  experiments 3  when  alfalfa  hay  is  $20.00  a 
ton  and  ^2^^  ^s  $0.09  a  Pound.    These  rates  are  as  follows: 

Most  profitable 


Experiment  rate  of  P20^ 


Pounds 

No,  k  (Nebraska)  8? 

No.  5  (Utah)  387 

No0  1  (Arizona)  8h3 

No0  2  (Arizona)  Treatment  A  553 

Treatment  C  581 

Treatment  B  806 

No,  3  (Nebraska)  '597 


These  rates  are  high  compared  with  those  commonly  applied  by 
farmers  in  the  respective  irrigated  areas 9  but  the  experiments 
were  located  on  soils  known  to  be  deficient  in  available 
phosphorus . 

The  most  profitable  rates  are  also  greater  than  the 
highest  rates  actually  applied  in  all  of  the  experiments,  ex- 
cept treatments  A  and  C  of  experiment  2.     (See  figs,  3  and'h). 
In  treatments  A  and  C  the  most  profitable  rate  (with  hay  at 
$20.00  and  ?20^  at  $0.09)  is  almost  as  great  as  the  highest 
rate  actually  applied.    It  appears  that  even  higher  rates  of 
P20^  should  have  been  applied  in  all  of  the  experiments. 

Only  the  averages  of  replicated  plot  yields  were  readily 
available  for  purposes  of  this  report.    It  is  recognized  that 
testing  of  individual  plot  yields  for  variance  would  have  con- 
tributed to  a  better  appraisal  of -the ' calculated  yields  and  the 
calculated  most  profitable  rates.    Analysis  of  variance  and 
determination  of  standard  errors  of  reported  yields  would  help 
answer  the  question  of  how  closely  to  follow  the  calculated 
most  profitable  rates  in  commercial  operations. 

Yield  benefits  from  applied  P20^  may  extend  over  a  period 
of  several  years  as  shown  by  experiments  used  here.  (Appendix 
tables  ks  55  6 9  and  7.)    Yield  response  to  residual  fertilizer 
also  has  been  noted  for  other  crops  and  nutrients .    When  such 
residual  effects  are  of  practical  significance  they  too  should 
be  evaluated  in  calculating  the  most  profitable  rate  of  appli- 
cation.   Heavy  yield  response  following  the  year  of  application 
suggests  later  application  at  various  other  rates.  ,  Such  infor- 
mation may  be  used  to  appraise  the  economic  aspects  of  single 
vs.  multiple  applications. 
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Other  benefits  in  addition  to  yield  response  may  be 
of  economic  importance.    For  example,  quality  is  a  sig- 
nificant factor  with  some  crops .    Increase  in  protein  con- 
tent  frequently  is  important  in  livestock  feeding 0  Fixa- 
tion of  nitrogen  by  legumes  also  may  be  of  economic  signifi- 
cance.   When  these  benefits  appear  to  be  noteworthy  they 
should  be  investigated  also  as  a  part  of  rate  studies*,  becau 
they  may  influence  significantly  the  selection  of  the  most 
profitable  rate  of  fertilizer  application. 

As  the  purpose  of  a  fertilizer  rate  experiment  is  to 
supply  information  for  recommendations  as  to  rates,  descrip- 
tion of  the  test  conditions  of  the  experiment  needs  to  be 
complete o    The  kind  of  soil,  fertilizer  history,  and  crop 
history  of  the  plots  are  essential  information .  Description 
of  cultural  practices,  especially  on  stands,  irrigation 
practice,  disease  and  insect  control,  and  other  pertinent 
items  help  in  deciding  as  to  the  feasibility  of  specific 
fertilizer  practice  under  farm  conditions 0    It  is  necessary 
to  report  the  kind  of  fertilizer  and  the  time  and  manner  of 
application. 

The  final  objective  of  most  fertilizer  rate  experi- 
ments is  to  formulate  recommendations  to  farmers;  therefore s 
both  the  agronomic  and  the  economic  phases  need  attention,, 
Close  cooperation  is  desirable  between  the  soil  scientist 
who  conducts  the  experiment  and  the  economist  who  is  to  make 
the  economic  analysis  of  the  data. 
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APPENDIX 
Agronomic  Data 

A  brief  description  of  each  experiment  from  which  data  were 
taken  for  economic  analysis  follows: 

The  Arizona  Experiments 

Data  were  used  from  two  alfalfa  experiments  on  virgin  Super- 
stition fine  sand  at  Yuma  Mesa,  Ariz.,    This  soil  is  low  in  available 
phosphate  and  its  water-holding  capacity  is  low  also*  .. 

Experiment  YM-1  had  been  designed  to  measure  the  residual  effects 
of  different  kinds  of  phosphate  fertilizers  on  alfalfa  yields  e    The  por- 
tion of  this  experiment  that  is  analyzed  here  received  double  superphos- 
phate, broadcast  at  rates  of  100,  200,  and  iiOO  pounds  of  ?2^5  Per  acre* 
These  applications,  replicated  four  times,  were  made  at  seeding  time  in 
the  fall  of  19b5*    Earlier  in  that  year  all  plots  had  been  treated  with  1 
100  pounds  of  ^2^$  Per  acre         seeded  to  sudan  grass  to  protect  the 
later  seeding  of  alfalfa.    Yields  of  alfalfa  hay  were  reported  for  19^6, 
19h7,  and  19U8, 


Table  k»-  Reported  yields  of  alfalfa  at  3  rates  of  P2O5 
applied  as  double -superphosphate  in  19U5  - 
Experiment  YM-1,  Yuma  Mesa,  Ariz ,    1/  2/ 


P20£  applied  : 
per  acre 

Reported  yields  per  acre 

19U6 

:  19U7 

s       19U8  : 

Total 

Pounds 

i  Tons 

Tons 

Tons 

Tons 

100  .: 

1.691 

3C  362 

3,163 

8,216 

200 

f  2,993 

5*571 

5.185 

13.7U9 

hOO  : 

t  5.-11*2 

8.231 

6,533 

19,906 

1/  This  is  referred  to  in  the  text  as  experiment  1* 
2/  From  "Alfalfa  for  Yuma  Mesa",  U-,  S9  Dept.  Agr„  Cir,  879, 
August  1951  (1)* 


Experiment  YM-76,  referred  to  in  the  text  as  experiment  2,  and 
started  in  19U8,  measured  the  response  to  different  initial  rates  of 
^2^$>  and  various  irrigation  treatments  (10),    Applications  of  PgOir 
were  made  in  the  fall  of  19U8  and  were  drilled  in  bands  k  inches 
deep  between  rows  of  Sudan  grass,-    The  alfalfa  was  then  seeded  directly 
over  the  banded  phosphate  application.,    Three  irrigation  treatments, 
each  representing  a  different  frequency  of  irrigation,  but  with  little 
difference  in  total  quantity  of  water  applied,  were  used, 


-  26  - 

Table  5*~  Reported  yields  of  alfalfa  at  h  rates  of  PjOe;  applied 
at  seeding  time  in  the  fall  of  I9I4.8  ~  Experiment 
YM-76,,  Yuma  Mesa5  Ariz.  1/ 


Frequency  of  i  ?2®$  applied  g  Reported  yields  per  acre 


irrigation 

• 
• 

per  acre  s 

19U9  s 

1950  3 

1951  t 

Total 

• 
• 

Pounds  s 

Tons 

Tons 

Tons 

Tons 

% 

100  8 

UT26 

3.95 

Low  (A] 

0 
• 

200  s 

9  .hO 

9.79 

5.12 

2U.31 

U00  s 

10,93 

10.92 

6.85 

28.70 

• 

« 

* 
• 

600  i 

0 

ll„lt6 

10.81* 

6,82 

29,12 

• 

* 
4 

m 
* 

100  : 

10  066 

808O 

ii.86 

2h.32 

Medium  (B) 

O 

200  s 

9*5U 

10  069 

6.70 

26o93 

ft 
« 

ItOO  : 

11.81 

11,53 

7  c  79 

31.13 

0 

600  g 

a 

11. 80 

12  0  23 

9o02 

33.06 

• 

• 
• 

0 
0 

100  g 

11.01 

10,85 

6ohH 

27.30 

High  (C) 

• 

a 

200  g 

11.02 

13o3h 

7.63 

31.99 

* 

• 

hoo  t 

11.88 

lit  0  31 

10  *bk 

360  63 

• 

« 

■  • 

600  8 

a 

4» 

10 .9h 

15'o03 

12.01 

37o98 

1/  Unpublished  data  furnished  by  0o  0o  Stanberry,,  Division  of  Soil 
Management  -  Irrigated  and  Dryland  Regions,,  Bureau  of  Plant  Industry 
Soils s  and  Agricultural  Engineering 0    USDA  (10) . 


The  Nebraska  Experiments 

Data  from  two  experiments  were  analyzed  (3) $  one  on  Mitchell 
silt  loam  and  one  on  Minatare  silt  loam  in  the  North  Platte  Valley 
of  western  Nebraska  (table  6)0 

Table  6,-  Reported  yields  of  alfalfa  at  no  application  and 
at  h  rates  of  P2O5  applied  on  two  soils ,  North 
Platte  Valley ?  western  Nebraska  1/ 


J  Reported  yields  per  acre 

P-^O^  applied?      Mitchell  "silt~loam    27^T~"~Minatare  silt"  loam  3f 


per  acre 

• 

* 

1931 
h/ 

!  1932 

!  1933  ! Total  ; 

1932  » 
hf  t 

1933 

;  i93ii 

1  Total 

Pounds 

0 

Tons 

Tons 

Tons 

Tons  ? 

Tons 

Tons 

Tons 

Tons 

0o0 
31.5 
h5.0 
67  o5 
90.0 

0 

9 
4 

a 
0 

h>73 
5.57 
5.67 
50*5 
5o6h 

5.26 
5*98 
6,18 
6.33 
6.59 

5  oil; 
5.1*6 
5*79 
5c6l 
5o88 

0 

I5cl3t 
17.01? 
17.6lu 
17,39? 

18.118 

3o59 
3.93 
Uo37 
hM 

2o52 
2.87 
3.37 
3.56 
3,80 

2,1*6 
2,86 
2083 
3.1*2 
lu23 

7.29 
9.32 
10,13 
11.35 
12.1*1* 

~y  From  Commercial  Fertilizers  for  the  Irrigated  Sections  of  West= 
em  Nebraska  (3). 

2/  Designated  as  experiment  1*  in  the  text. 
3/  Designated  as  experiment  3  in  the  text. 
u/  Year  of  application e 
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In  both  experiments  double  superphosphate  was  applied  to  estab- 
lished stands  of  alfalfa  early  in  the  springe    A  grain  drill  with 
fertilizer  attachment  was  usedo    The  drill  was  set  to  disk  the  alfalfa 
lightly.    Yields  at  all  applied  rates  of  P2O5  were  substantially  lower 
on  the  Minatare  (experiment  3)  than  on  the  Mitchell  soil  (experiment  h) s 
indicating  the  higher  level  of  available  phosphate  in  the  latter. 

The  Utah  Experiment 

This  experiment  on  Millville  loam  at  North  Logan,  Utah,  compares 
the  effects  of  different  kinds  and  rates  of  phosphate  fertilizer  on 
the  yield  of  alfalfa  hay,     7/    However,  only  the  data  from  the  double 
superphosphate  rates  are  included  here,    The  application  was  broadcast 
and  harrowed  into  the  soil  when  alfalfa  was  seeded  alone  in  1936, 
Yields  of  hay  were  reported  in  1939,  19U0,  and  19l|l*    The  treatments 
were  applied  on  small  plots  and  replicated  eight  times  in  randomized 
blocks c 


Table  7°=°  Reported  yields  of  alfalfa  at  no  application  and  at 
2  rates  of  ?20t  applied  as  double  superphosphate, 
worth  Logan,  Utah 


,     0                         Reported  yields  per  acre 

per  acre 

1939 
V 

i  19U0 
V 

19ul  : 
2/ 

Total 

Pounds  t 

Tons 

Tons 

Tons 

Tons 

0  s 

2.76 

2,17 

2,31 

7,21* 

2,97 

2.1*2 

9c8U 

100  1 

3o59 

2„6U 

11,66 

1/    From  "Fertilizers  for  Utah  Soils"  (7) ° 

2/  Unpublished  data  for  191*1  supplied  by  Do  W.  Thorne,  Utah  Agri- 
cultural Experiment  Station, 


7/    Designated  as  experiment  £  in  the  text. 


Table    15.-  Values  of  1-RX  when  R  s  0.8 
(All  values  are  decimal  fractions) 


o  ; 

1 

• 

2 

3 

1  j 

1*  ; 

5  : 

6 

7  ; 

8 

9 

t 

0.00  :   

000223 

000kl*6 

000669 

000892 

001125 

001338 

001561 

0017fi)i 

01  s 

002229 

0021*52 

00267k 

002897 

003119 

00331*2 

00356k 

003786 

00kOO9 

W14  v\J7 

OOk231 

02  ! 

OOl*k53 

001*675 

001*897 

005119 

00531*1 

005563 

005785 

006007 

006228 

006k50 

03  ! 

006672 

006891* 

007115 

007337 

007558 

007780 

008001 

008222 

0081*kk 

008665 

Ok  i 

008886 

009107 

009328 

00951*9 

009770 

009991 

010212 

010k33 

01065k 

01087k 

05  i 

011095 

011315 

011536 

011757 

011977 

012198 

012kl8 

012639 

012859 

013079 

06  : 

013299 

013519 

01371*0 

013960 

011*180 

011*1*00 

01k620 

Olk839 

015059 

015279 

07  : 

Ol5k99 

015718 

015938 

016158 

016377 

016597 

016816 

017035 

01725k 

017k7k 

08  i 

017693 

017912 

018131 

018350 

018569 

018788 

019007 

019226 

019lik5 

01966k 

09  i  019883 

020101 

020320 

020538 

020757 

020975 

02119k 

0211*12 

021631 

0218L9 

10  :  022067 

022285 

022503 

022721 

02291*0 

023158 

023376 

023593 

11  ! 

02k2k7 

02lili65 

02li683 

021*900 

025118 

025335 

025553 

025770 

025987 

12  : 

026U22 

026639 

026856 

027073 

027290 

027508 

027725 

0279k2 

v/c  1  7HC 

028158 

13  i 

028592 

028809 

029026 

02921*2 

0291*59 

.029675 

029892 

030108 

030325 

0305kl 

m  ? 

030757 

03097k 

031190 

0311*06 

031622 

031838 

03205k 

032270 

032k86 

032702 

15  i 

032918 

033133 

0333k9 

033565 

033780 

0*33996 

*JJJ77*** 

03k212 

03lik27 

03k6k2 

03k858 

16  j  035073 

035288 

03550U 

035719 

035931* 

036ll*9 

03636k 

036579 

03679k 

037009 

17  ! 

03722k 

0371*39 

037651* 

037868 

038083 

038298 

038512 

038726 

0389kl 

039156 

18  i 

039370 

039581* 

039799 

01*0013 

01*0227 

OkOkkl 

Oko655 

Ok0869 

Okl083 

Okl297 

19  ! 

0l|i5ii 

Ol*1725 

01*1939 

Ol*2l53 

01*2366 

01*2580 

Ok279k 

Ok3007 

01*32,20 

0k3k3l* 

20  s 

0k36k8 

01*3861 

0kk07k 

Okk288 

0kk501 

0kk71k 

v*4U  1  JL*t 

Okk927 

0k5lk0 

Ok5353 

Ok5566 

21  ! 

OU5779 

01*5992 

01*6205 

01*61*18 

01*6631 

01*681*3 

Ok7055 

01*7268 

Ok7k8l 

0k779k 

22  ; 

0L7906 

01*8119 

01*8331 

Ok85k3 

01*8755 

Oli8968 

Ok9l80 

0k9392 

ok960k 

Ok98l6 

23  s 

050028 

05021*0 

0501*52 

050661* 

050876 

051088 

051298 

051511 

051723 

05193k 

2k  : 

052115 

052357 

052569 

052780 

052991 

053203 

053klk 

053625 

053836 

05kOk7 

25  ! 

05U258 

051*1*69 

051*680 

051*891 

055102 

055313 

05552k 

055735 

0559k5 

056156 

26  ! 

056366 

056577 

056787 

056998 

0572O8 

0571*19 

057629 

057839 

0580k9 

058260 

27  ! 

058L70 

058680 

058890 

059100 

059310 

059520 

059729 

059939 

0601k9 

060358 

28  s 

060568 

060778 

060987 

061197 

06ll*06 

061616 

061825 

062035 

0622l*k 

062k53 

29  i 

062662 

062872 

063081 

063290 

0631*99 

063707 

063916 

06kl25 

061*33k 

06k5k3 

30  : 

06k752 

061*960 

065169 

065377 

065586 

065791* 

066003 

066211 

066k20 

066628 

31  ■ 

066836 

0670kli 

067253 

067li6l 

067669 

067877 

068085 

068293 

068500 

068708 

32 

068916 

069121* 

069332 

0695li0 

0697li7 

o69951i 

070162 

070369 

070577 

07078k 

33 

070992 

071199 

0711*06 

071613 

071820 

072027 

07223k 

072kkl 

0726k8 

072855 

3k 

073062 

073269 

0731*76 

073683 

073889 

071*096 

07k302 

07k509 

07k7l5 

07k921 

■35 

075128 

w  f  SJJZ) 

0755)j1 

075953 

076160 

076366 

076572 

076778 

07698k 

36 

!  077190 

077396 

U|  1  J7  ^ 

077602 

077807 

078013 

078219 

078k2k 

078630 

078836 

0790kl 

37 

!  0792k7 

079li52 

079658 

079863 

080068 

080273 

080k78 

08068k 

080889 

08109k 

38 

:  081299 

08l50l* 

081709 

08l911i 

082119 

082323 

082528 

082732 

082937 

083lk2 

39 

•  0833U7 

083551 

083756 

083960 

081*165 

081*369 

08k573 

08k777 

08k982 

085186 

ko 

:  085390 

085591* 

085798 

086002 

086206 

086310 

086613 

086817 

087021 

087225 

hi 

:  0871*29 

087632 

087836 

088039 

08821*3 

0881*1*6 

0886k9 

088853 

089056 

089259 

k2 

t  0891*63 

089666 

089869 

090072 

090275 

0901*78 

090681 

09088k 

091086 

091289 

k3 

:  0911*92 

091695 

091898 

092100 

092303 

092505 

092708 

092910 

093113 

093315 

hh 

!  093517 

093719 

093922 

091*121* 

091*326 

091*528 

,.  09k730 

09k932 

09513k 

095336 

hS 

:  095538 

09571*0 

09591*1 

096ll*3 

09631*5 

09651*6 

0967k8 

0969k9 

097151 

097352 

U6 

t  097551* 

097755 

097956 

09815 7 

098359 

098560 

098761 

098962 

099163 

09936k 

k7 

:  099565 

099766 

099967 

100168 

100369 

100569 

100770 

100970 

101171 

101371 

he 

:  101572 

101773 

101973 

102173 

102371* 

10257k 

10277k 

10297k 

103175 

103375 

h9 

t  103575 

103  77^ 

103971? 

10L175 

10li37li 

10k57k 

10k 77k 

10k97k 

105173 

105373 

50 

i  105573 

10t>772 

10^972 

106171 

106371 

106570 

106770 

106969 

107168 

107367 

51 

:  107567 

107766 

107965 

10816k 

108363 

108562 

108760 

108959 

109158 

109357 

52 

t  109556 

109751* 

109953 

110152 

110350 

1105k9 

1107k7 

1109k5 

llllk3 

11131*2 

53 

i  11151*0 

111738 

111937 

112135 

112333 

112531 

112729 

112927 

113125 

113323 

51* 

t  113521 

113719 

113916 

111*111* 

111*312 

llk509 

llk707 

llk90k 

115102 

115299 

55 

:  1151*97 

115691* 

115891 

116089 

116286 

116183 

116680 

116877 

117071* 

117271 

56 

:  1171*68 

117665 

117862 

118059 

118256 

Il8k52 

Il86k9 

H88k6 

1190k2 

119239 

57 

s  1191*35 

119632 

119828 

120021* 

120220 

120kl7 

12061k 

120810 

121006 

121202 

58 

s  121398 

121591* 

121790 

121986 

122182 

122378 

12257k 

122769 

122965 

123160 

59 

s  123356 

123552 

12371*8 

12391*3 

121*138 

12k33k 

12k529 

12k725 

12k920 

125115 

-  Continued  - 


Table    15.-  Values  of  1-RX  when  R  -  0.8  -  Continued  - 
(All  values  are  decimal  fractions) 


X 

!  0 

5  1 

;  2 

:  3  ; 

:  u 

>            .  « 

5  : 

6  ; 

7  J 

8  ; 

9 

0  6o 

:  125310 

125701 

125896 

126091 

126286 

1261*81 

I26676 

126870 

61 

t  127260 

1271*55 

12761*9 

1278U1* 

128039 

128233 

1281*28 

128622 

128817 

129011 

62 

•  129206 

1291*00 

129591* 

129788 

129982 

130176 

130370 

130561* 

130758 

130952 

63 

:  13111t6 

13131*0 

131531* 

131728 

131921 

132115 

132308 

132502 

132696 

132889 

61* 

t  133083 

133276 

1331*70 

133663 

133856 

131*050 

131*21*3 

131*1*36 

131*629 

131*622 

65 

135015 

135208 

1351*01 

135591* 

J  7*4 

135787 

135980 

136172 

136365 

136558 

136750 

66 

:  1369U3 

137136 

137328 

137521 

137713 

137906 

138098 

138290 

1381*63 

138675 

67 

:  138867 

139059 

139251 

1391*1*3 

139635 

139827 

11*0019 

11*0211 

H*0l*03 

11*0595 

68 

t  11*0786 

11*0978 

11*1170 

H*136l 

11*1553 

15171*1* 

11*1936 

11*2127 

11*2319 

11*2510 

69 

:  11*2701 

lli2893 

11*3081* 

H*3275 

11*31*66 

11*3657 

11*381*8 

11*1*039 

11*1*230 

11*1*1*21 

70 

t  11*1*612 

11*1*803 

ll*l*99l* 

11*5185 

11*5376 

11*5566 

11*5757 

11*591*7 

11*6138 

11*6328 

71 

:  11*6519 

11*6709 

11*6900 

11*7090 

11*7280 

H*7l*71 

11*7661 

11*7851 

11*801*1 

11*8231 

72 

:  11*81*21 

H*86ll 

11*8801 

11*8991 

11*9181 

11*9371 

11*9561 

11*9750 

11*991*0 

150130 

73 

:  150319 

150509 

150698 

150888 

151077 

151267 

15H*56 

15161*5 

151835 

152021* 

7l* 

;  152213 

152U03 

152592 

152781 

152970 

153159 

15331*8 

153536 

153725 

153911* 

75 

:  151*103 

151*292 

151*1*80 

151*669 

151*858 

15501*6 

155235 

1551*23 

155612 

155800 

76 

s  155988 

156177 

156365 

156553 

15671*1 

156930 

157118 

157306 

157U91* 

157682 

77 

1  157870 

158058 

158  21*5 

1581*33 

158621 

158809 

158997 

159181* 

159372 

159559 

78 

t  I597ii7 

159931* 

160122 

160309 

1601*97 

l6068i* 

160871 

161058 

16121*5 

1611*33 

79 

t  161620 

161807 

161991* 

162181 

162368 

162555 

16271*1 

162928 

163115 

163302 

80 

!  1631*86 

163675 

163862 

161*01*8 

161*235 

161*1*21 

161*607 

161*791* 

161*980 

165167 

81  :  165353 

165539 

165725 

165912 

166098 

166281* 

1661*70 

166656 

16681*1 

167027 

82 

t  167213 

167399 

167585 

167771 

167956 

16811*2 

168327 

168513 

168698 

168881* 

83 

1  169070 

169255 

1691*1*0 

169625 

169811 

169996 

170181 

1?0366 

170552 

170737 

81* 

1  170922 

171107 

171292 

1711*76 

171661 

17181*6 

172031 

172216 

1721*00 

172585 

85 

1  172770 

172951* 

173139 

173323 

173508 

173692 

173876 

17it06l 

17l*2l*5 

171*1*29 

86 

•  171*612* 

171*798 

171*982 

175166 

175350 

175531* 

175718 

175902 

176085 

176269 

87 

t  1761*53 

176637 

176821 

177001* 

177188 

177371 

177555 

177738 

177922 

178105 

88 

>  178289 

1781*72 

-*-  1  «H  1  *» 

178655 

178839 

179022 

179205 

179388 

179571 

179751* 

179937 

8?  < 

180120 

180303 

1801*86 

180669 

180852 

181035 

181217 

1811*00 

181583 

181765 

90  ! 

18191*8 

182130 

182313 

1821*95 

182678 

18 2860 

18301*2 

183225 

1831*07 

183589 

91 

f  183771 

183953 

181*135 

181*317 

I81ili99 

181*681 

181*863 

18501*5 

185227 

1851*09 

92  ! 

185591 

185772 

185951* 

186136 

186317 

1861*99 

186680 

186862 

18701*3 

187225 

93  s 

1871*06 

187587 

187768 

187950 

18 8131 

188312 

1881*93 

188671* 

188855 

189036 

9k 

189217 

189398 

189579 

189760 

18991*0 

190121 

190302 

1901*83 

190663 

19081*1* 

95  i 

191021* 

191205 

191385 

191566 

19171*6 

191926 

192107 

192287 

1921*67 

19261*7 

96  s 

192827 

193008 

193188 

193368 

19351*8 

193728 

193907 

191*087 

191*267 

191*1+1*7 

97  • 

191*627 

191*806 

191*986 

195166 

19531*5 

195525 

195701* 

195881* 

196063 

19621*2 

98  s 

1961*22 

196601 

196780 

196960 

197139 

197318 

1971*97 

197676 

197855 

198031* 

99  s 

198213 

198392 

198571 

198750 

198928 

199107 

199286 

1991*61* 

19961*3 

199821 

1.00 

200000 

200179 

200357 

200535 

2007U* 

200892 

201070 

20121*9 

2011*27 

201605 

01  : 

201783 

201961 

202139 

202317 

2021*95 

202673 

202851 

203029 

203207 

203385 

02  ! 

203563 

20371*0 

203918 

201*095 

201*273 

201*1*51 

201*628 

201*805 

201*983 

205160 

03  J 

205338 

205515 

205692 

205869 

20601*7 

206221* 

2061*01 

206578 

206755 

206932 

01*  i 

207109 

207286 

2071*63 

20761*0 

207816 

207993 

208170 

20831*6 

208523 

208700 

05  J 

208876 

209053 

209229 

2091*06 

209582 

209758 

209935 

210111 

210287 

2101*63 

06  s 

21061*0 

210816 

210992 

211168 

21131*1* 

211520 

211696 

211872 

21201*7 

212223 

07  s 

212399 

212575 

212750 

212926 

213102 

213277 

2131*53 

213628 

213801* 

213979 

08  ! 

211*151* 

211*330 

211*505 

211*680 

211*856 

215031 

215206 

215381 

215556 

215731 

09  : 

215906 

216081 

216256 

2161*31 

216606 

216780 

216955 

217130 

217301* 

2171*79 

1.10  : 

217651* 

217828 

218003 

218177 

218352 

218526 

218700 

218875 

21901*9 

219223 

11  ! 

219398 

219572 

2197U6 

219920 

220091* 

220268 

2201*1*2 

220616 

220790 

220961* 

12  ! 

221138 

221311 

2211*85 

221659 

221832 

222006 

222180 

222353 

222526 

222700 

13  : 

222871* 

22301*7 

223220 

223391* 

223567 

22371*0 

223913 

221*086 

221*260 

221*1*33 

Hi  4 

221*606 

221*779 

221*952 

225125 

225298 

2251*70 

22561*3 

225816 

225989 

226161 

15  ! 

226331* 

226507 

226679 

226852 

227021* 

227197 

227369 

22751*2 

227711* 

227886 

16  : 

228059 

228231 

2281*03 

228575 

22871*7 

228919 

229091 

229263 

2291*35 

229607 

17  : 

229779 

229951 

230123 

230295 

2301*66 

230638 

230810 

230981 

231153 

231321* 

18  ! 

2311*96 

231667 

231839 

232010 

232182 

232353 

232521* 

232695 

232867 

233038 

19  : 

233209 

233380 

233551 

233722 

233893 

231*061* 

231*235 

231*1*06 

231*577 

231*71*7 

-  Continued  - 


..  00. 

Table    15.-  Values  of  1-RX  when  R  =  0.8  -  Continued 
(All  values  are  decimal  fractions) 
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-  Continued  - 


Table    15.-  Values  of  1-RX  when  R  =  0.8  -  Continued  - 
(All  values  are  decimal  fractions) 
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3  f 2305 

07Ol.l.t 

770tAt 
372505 

AO 

09 

t  372725 

07OAAt 

372065 

0*70AA£f 
373005 

070T  l.fu 
37311*5 

070OAt 
373205 

0701.  M. 

3731*21* 

•S70tAI. 

3 13561* 

O707AI. 

3  (3  ( 01* 

070RI.I. 

3  (301*1* 

7700AO 

3 (3903 

10 

: 

:  371*123 

07I.OAO 

371*263 

37Uu02 

37U5U2 

07l.  AAT 
371*601 

07I.  A  OT 

371*021 

0  7l.  AAA 

371*960 

07tT  AA 
375100 

07tol.A 

3  (521*0 

07t7  7O 

375379 

11 

:  375518 

77tAt7 
375657 

375797 

07t  A0.C 

375936 

07AA7t 

376075 

07A0T 1. 
376211* 

■S7AOtl. 
37&35U 

07AI.OO 

3761*93 

07AA00 
3(6632 

77A77T 

3(6(71 

12 

:  376910 

3770U9 

O^'JT  A  A 

3 1(1-00 

0770*57 

377327 

•J77I.AA 

3771*66 

077AAt 

3  f 1 605 

07771,1. 

3  f  1  fill* 

3  f (002 

77RAOT 

3 (0O21 

77A7  Aa 
3 (0100 

T  o 

13 

*  378299 

3781*38 

378576 

378715 

378851* 

378992 

379131 

379269 

3791*08 

37951*6 

T 1. 

11* 

:  379685 

379823 

379961 

380100 

380238 

380376 

380515 

380653 

380791 

380929 

15 

:  381067 

0  At  oAt 
30120? 

OAl 

30131*3 

ort.  i.r*s 
JO  Ji*01 

OAT  AT  0 
301019 

7 At  7t7 

301 ( 

"3AT  Aot 

3010y> 

0ROA03 
302033 

OflOT  7T 
3021 (1 

7R97AO 
302309 

16 

:  3821*1*7 

ORotflt 

302505 

302722 

0  AoA*£a 
3q2o60 

OAOAAfl 

302990 

OR  OT  Ot 

303135 

0  A0O70. 

3032(3 

OAOl.T  T 
3031*11 

3fi"3tl.  A 

3o3i>l*o 

ORoARA 
303006 

17 

:  383823 

303961 

0  AI.aaA 

3oli09o 

oRi.oo/; 
301*236 

OAl.  070 

3ou373 

OAl.tT  A 
301*510 

0  Ol.Al.  A 

30UoliO 

0Rl.7flt 

3ol* /05 

0AI.000 
301X7  Zi 

7  A  tAAA 

305O6O 

T  0 

18 

:  385197 

OA  tOOl. 

305331* 

3o51*71 

OAtXAA 

3o560o 

3o571*5 

0 A  CODn 
305002 

0  AAat  0 
3 06019 

0  RAl  tA 
3061p6 

0 AA00O 

306293 

7AA1.  7A 

3061*30 

19 

386567 

OA  A*7Al. 

306701* 

0  A/CAI.T 

3  060 1*1 

0  AiC  A7A 
3o6970 

3o71H* 

0  D*Tnr*l 

307251 

OA700 A 

307300 

0  A7tol. 

3o  (5  21* 

0 A 7 AAT 
30 (661 

7 A770R 
307 (90 

20 

:  387931* 

300071 

OD  QlA*T 

30(3207 

OAAol.l. 

3 0031*1* 

OR  fil.CA 

3ool*oO 

OA AAT  7 
300617 

0 AA7tO 

300753 

OA AAA A 
3OOOO9 

OROAOA 
309026 

7  Aot  Ao 
309162 

21 

:  389299 

OA  Al.  Ot 

3091*35 

309571 

OA A7A7 

3o9fOf 

ORoRI.  0 
30901*3 

0 AooAa 
309900 

OOAT  T  A 
390110 

OOAOtO 

3902?2 

OOAOflR 
390300 

7AAtOl. 
390521* 

22 

:  390660 

390  (96 

7 AAAOO 

390932 

OAT  AAA 

391000 

OOT  OAl. 

39120U 

391339 

OOT  |,7t 

3911*  I? 

oqt  at  i 
391011 

oot  7li 7 
J91 (U ( 

7QT  AR3 
391003 

23 

:  392018 

392151* 

392289 

3921*25 

392561 

392696 

392831 

392967 

393102 

393238 

ZU 

:  393373 

393509 

39361*1* 

393779 

393911* 

391*050 

391*185 

391*320 

391*1*55 

391*590 

•O 

t  391*725 

loliflAn 
jyuoou 

ool.ooC 
j 7U77? 

7QCI  VI 

iQt^Ae; 

J7Z>£OZ> 

J7?*V*VAJ 

OQttat 

J72PJ2 

•JQtA7A 

•jotflnt 
J7P0\JP 

30-Xolin 

AO 

*  396075 

lOA9no 

J70tV7 

J70JIW 

•50^1,70 

^0a7)i8 

^7UUUJ 

•307m  7 

J7  1  J^P^ 

J?7  1  tUO 

97 
2  ( 

*  3971*21 

7g7ttt 

J7 (??? 

J7 1 OO7 

J7 

J7  1  7-?0 

•soAno^ 
jyovyj 

•30A997 

J7vp\jJL 

^OfiliQt 

P7t"475 

3gOAOA 

9ft 
AO 

t  398761* 

jyooyo 

700079 
J77VJC 

J77100 

OOOOAA 

looli  7)1 

-jyyuju 

jyypoo 

■3007(19 
jyy 

jyyojo 

70007A 

jyyy iu 

90 

<S7 

t  1*00101* 

l.AAOOR 

I.AA07O 

l.AAtAC; 

IiAaAoa 

1.AA770 

1*00(  (3 

I.AAAA7 

UiAjyu  ( 

I.AT  A), A 

liflT  1  7)i 
f*UlX  (l* 

h(YI  ^(17 

u*ji  ju  ( 

30 

• 

1  1*011*1*1 

UUl?  (1* 

I.ai  7AA 
1*UX  (UO 

I.AT  07C 

1*019  tp 

I.AOT  AA 
UVcXXJO 

I.AOOl.O 

IVJtLcUc. 

l.A9tno 

li(*l9Ali9 
**UAO(*A 

31 

*  1*02775 

l.noonfl 

i*oAyoo 

1*U3U1*£ 

I.aot  7t 
1*031  f> 

i.aooaA 
1*03300 

l.AOl.l.T 

U03UU1 

U03i>  fl* 

I.A.37A7 
1*03  (0  ( 

l.AORI.A 

(*Uj>01*U 

I.A3077 

i*03y  (3 

32 

*  1*01*106 

I.aI.ooa 

1*01*372 

I*0u505 

I.aI.AoA 
1*01*630 

I.AI.77T 
U01*  (  ( 1 

I.aI.oaI* 
1*01*901* 

1*0?036 

I.AtT  Ao 

1*0?  ioy 

l.At7AO 

l*0?302 

33 

t  1*051*35 

1*05567 

1*05700 

1*05832 

1*05961 

U06097 

1*06230 

1*06362 

1*061*95 

1*06627 

31* 

1*06760 

1*06892 

1*07025 

1*07157 

1*07289 

1*071*21 

1*07553 

1*07686 

1*07818 

1*07950 

35 

U08082 

U0621il 

1*0831*6 

1*081*78 

1*08610 

1*0871*2 

1*08871* 

1*09006 

1*09138 

1*09270 

36 

1*091*01 

1*09533 

1*09665 

1*09797 

1*09928 

1*10060 

1*10192 

1*10323 

1*101*55 

1*10566 

37 

1*10718 

1*1081*9 

1*10981 

1*11112 

1*1121*1* 

1*11375 

311506 

1*11638 

1*11769 

1*11900 

38 

1*12031 

1*12163 

1*12291* 

1*121*25 

1*12556 

1*12687 

1*12818 

1*1291*9 

1*13080 

1*13211 

39 

1*1331*2 

1*131*73 

1*13601* 

1*13731* 

1*13865 

1*13996 

1*11*127 

1*11*258 

1*11*388 

1*11*519 

-  Continued  - 


Table    15.-  Values  of  1-RX  when  R  -  0.8  -  Continued  - 
(All  values  are  decimal  fractions) 


X 

x  : 

c  J 

3  * 

h  ! 
•*  . 

t  5 

->  . 

6  1 

7 

o 

7 

2.U0 

101*650 

1*11*780 

1*11*911 

1*1501*1 

1*15172 

1*15302 

1*151*33 

1*15563 

1*15691* 

1*15821* 

1*1  ! 

1*15951* 

1*16085 

1*16215 

1*1631*5 

1*161*75 

1*16606 

1*16736 

1*16866 

1*16996 

1*17126 

1*2  ! 

1*17256 

1*17386 

1*17516 

1*1761*6 

1*17776 

1*17906 

1*18036 

1*18166 

1*18295 

1*181*25 

il3  ! 

1*18555 

1*18685 

1*18811* 

1*1891*1* 

1*19071* 

1*19203 

1*19333 

1*191*63 

1*19592 

1*19721 

hli  • 
m*  . 

1*20110 

H'u 1 PO 

UdLVXp 

1*5  ! 

l*21ll*l* 

1*21273 

1*211*02 

1*21531 

1*21660 

1*21790 

1*21919 

1*2201*8 

1*22177 

1*22306 

U6  : 

l*22l*3l* 

1*22563 

1*22692 

1*22821 

1*22950 

1*23078 

1*23207 

1*23336 

1*231*65 

1*23593 

1*7  s 

lt23722 

1*23850 

1*23979 

1*21*107 

1*21*236 

1*21*361* 

1*21*1*93 

1*21*621 

1*21*750 

1*21*878 

1*8  s 

1*25006 

1*25131* 

1*25263 

1*25391 

1*25519 

1*2561*7 

1*25775 

1*25901* 

1*26032 

1*26160 

U9 

U26288 

1*261*16 

1*2651*1* 

1*26672 

1*26800 

1*26928 

1*27055 

1*27183 

1*27311 

1*271*39 

50  ; 

-  1*27567 

1*27691* 

i 

1*27822 

1*27950 

1*28077 

1*28205 

1*28332 

1*281*60 

1*28588 

1*28715 

51 

1*2881*3 

1*28970 

1*29097 

1*29225 

1*29352 

1*291*79 

1*29607 

1*29731* 

1*29861 

1*29988 

52  ■ 

•  1*30116 

1*3021*3 

1*30370 

1*301*97 

1*30621* 

1*30751 

1*30878 

1*31005 

1*31132 

1*31259 

53  s 

1*31386 

1*31513 

1*3161*0 

1*31766 

1*31893 

1*32020 

1*3211*7 

1*32273 

1*321*00 

1*32527 

- 

->U  < 

US)C  (kj\J 

\\PCJ\3\J 

1,33033 

11331*59 

L33286 

477U<LC 

1133^39 

Ii3366^ 

1.33700 

UP  J  I7C 

55  ■ 

133918 

1*31*01*1* 

1*31*170 

1*31*297 

1*31*1*23 

1*31*51*9 

1*31*675 

1*31*801 

1*31*928 

U3505U 

56  i 

1*35180 

1*35306 

1*351*32 

1*35558 

1*35681* 

1*35609 

1*35935 

1*36061 

1*36187 

1*36313 

57  i 

1*361*39 

1*36561* 

1*36670 

1*36816 

1*3691*1 

1*37067 

1*37193 

1*37318 

1*371*1*1* 

1*37569 

58 

1*37695 

1*37820 

1*3791*6 

1*38071 

1*38197 

1*38322 

1*381*1*7 

1*38572 

1*38698 

1*38823 

59  i 

1*3891*8 

1*39073 

1*39198 

1*39323 

1*391*1*8 

1*39571* 

1*39699 

1*39821* 

1*3991*9 

1*1*0071* 

60  s 

.  1*1*0199 

1*1*0323 

1*1*01*1*8 

1*1*0573 

1*1*0698 

1*1*0823 

1*1*091*8 

1*1*1072 

1*1*1197 

1*1*1322 

61 

1*1*11*1*6 

1*1*1571 

1*1*1696 

1*1*1820 

1*1*191*5 

1*1*2069 

1*1*2191* 

1*1*2318 

1*1*21*1*3 

1*1*2567 

62  i 

1*1*2691 

1*1*2816 

1*1*291*0 

1*1*3061* 

1*1*3189 

1*1*3313 

1*1*31*37 

1*1*3561 

1*1*3685 

1*1*3809 

63 

1*1*3933 

1*1*1*058 

1*1*1*182 

1*1*1*306 

1*1*1*1*30 

1*1*1*551* 

1*1*1*678 

1*1*1*801 

1*1*1*925 

1*1*501*9 

O**  i 

UUP  \7C 

lil±^9l5 

UUP7*-P 

hh6039 

Iili6l63 

65 

•  1*1*61*10 

1*1*6533 

1*1*6657 

1*1*6780 

1*1*6901* 

1*1*7027 

1*1*7150 

1*1*7271* 

1*1*7397 

1*1*7520 

66 

1*1*761*1* 

1*1*7767 

1*1*7890 

1*1*8013 

1*1*8136 

1*1*8260 

1*1*8383 

1*1*8506 

1*1*8629 

1*1*8752 

67  i 

1*1*8875 

1*1*8998 

1*1*9121 

1*1*921*1* 

1*1*9367 

1*1*91*89 

1*1*9612 

1*1*9735 

1*1*9858 

1*1*9981 

68 

•  1*50103 

1*50226 

1*5031*9 

1*501*71 

1*50591* 

1*50716 

1*50839 

1*50962 

1*51081* 

1*51207 

69  i 

1*51329 

1*511*51 

1*51571* 

1*51696 

1*51818 

1*5191*1 

1*52063 

1*52175 

1*52308 

1*521*30 

70 

•  1*52552 

1*52671* 

1*52796 

1*52918 

1*5301*0 

1*53162 

1*53281* 

1*531*06 

1*53528 

1*53650 

71  ! 

1*53772 

1*53891* 

1*51*016 

1*51*138 

1*51*259 

1*51*381 

1*51*503 

1*51*625 

1*51*71*6 

1*51*868 

72  i 

1*51*990 

1*55111 

1*55233 

1*55351* 

1*551*76 

1*55597 

1*55719 

1*5581*0 

1*55962 

1*56083 

73 

•  1*56201* 

1*56326 

1*561*1*7 

1*56568 

1*56690 

1*56811 

1*56932 

1*57053 

1*57171* 

1*57295 

7)i 
(** 

UZ>  1  UJ.O 

Up IP  JO 

UP IO?7 

Up  I  iovj 

up  1 yvx 

47UV££ 

L*^r<JXL*£ 

lX8381i 

U7^^vl* 

npvpyjp 

75 

!  1*58626 

1*5871*7 

1*58867 

1*58988 

1*59109 

1*59230 

1*59350 

1*591*71 

1*59592 

1*59712 

76 

•  1*59833 

1*59953 

1*60071* 

1*60191* 

1*60315 

1*601*35 

1*60555 

1*60676 

1*60796 

1*60916 

77  : 

1*61037 

1*61157 

1*61277 

1*61397 

1*61517 

1*61638 

1*61758 

1*61878 

1*61998 

1*62118 

78 

•  1*62238 

1*62358 

l*62l*78 

1*62598 

1*62718 

1*62838 

1*62958 

1*63077 

1*63197 

1*63317 

79 

>  1*631*37 

1*63556 

1*63676 

1*63795 

1*63915 

1*61*035 

1*61*155 

1*61*271* 

1*61*391* 

1*61*513 

80 

1*61*633 

1*61*752 

1*61*871 

1*61*991 

1*65110 

1*65230 

1*6531*9 

1*651*68 

1*65587 

1*65707 

81 

•  1*65826 

1*6591*5 

1*66061* 

1*66183 

1*66302 

1*661*22 

1*6651*1 

1*66660 

1*66779 

1*66898 

82 

:  1*67017 

1*67135 

1*67251* 

1*67373 

1*671*92 

1*67611 

1*67730 

1*6781*8 

1*67967 

1*68086 

83 

•  1*68205 

1*68323 

1*681*1*2 

1*68560 

1*68679 

1*68798 

1*68916 

1*69035 

1*69153 

1*69272 

)i  69^08 

h69627 

l|U7Ut  | 

Ii697h5 

1*69863 

1*69981 

1*70100 

1*70218 

1*70336 

1*701*51* 

85 

t  1*70573 

1*70691 

1*70809 

1*70927 

1*7101*5 

1*71163 

1*71281 

1*71399 

1*71517 

1*71635 

86 

:  1*71753 

1*71871 

1*71988 

1*72106 

1*72221* 

1*7231*2 

1*721*60 

1*72577 

1*72695 

1*72812 

87 

s  1*72930 

1*7301*8 

1*73165 

1*73283 

1*731*00 

1*73518 

1*73635 

1*73753 

1*73870 

1*73988 

88 

:  1*71*105 

1*71*222 

1*71*339 

1*71*1*57 

1*71*571* 

1*71*681 

1*71*808 

1*71*926 

1*7501*3 

1*75160 

89 

:  1*75277 

1*75391* 

1*75511 

1*75628 

1*7571*5 

1*75862 

1*75979 

1*76096 

1*76213 

1*76330 

90 

\  1*761*1*7 

1*76563 

1*76680 

1*76797 

1*76911* 

1*77030 

1*7711*7 

1*77261* 

1*77380 

1*771*97 

91 

!  1*77611* 

1*77730 

1*7781*7 

1*77963 

1*78080 

1*78196 

1*78312 

1*781*29 

1*7851*5 

1*78662 

92 

i  1*78778 

1*78891* 

1*79011 

1*79127 

1*7921*3 

1*79359 

1*791*75 

1*79592 

1*79708 

1*79821* 

93 

:  1*7991*0 

1*80056 

1*80172 

1*80288 

1*801*01* 

1*80520 

1*80636 

1*80751 

1*80867 

1*80983 

7*+ 

L81099 

1*81215 

1*81331 

1*811*1*6 

1*81562 

1*81678 

1*81793 

1*81909 

1*82025 

1*8211*0 

95 

i  1*82256 

1*82371 

1*821*87 

1*82602 

1*82717 

1*82833 

1*8291*8 

1*83061* 

1*83179 

1*83291* 

96 

s  1*831*10 

1*83525 

1*8361*0 

1*83755 

1*83871 

1*83986 

1*81*101 

1*81*216 

1*81*331 

1*81*1*1*6 

97 

t  1*81*561 

1*81*676 

1*81*791 

1*81*906 

1*85021 

1*85136 

1*85251 

1*85365. 

1*851*80 

1*85595 

98 

t  1*85710 

1*85825 

1*85939 

1*86051* 

1*86169 

1*86281* 

1*86398 

1*86513 

1*86627 

1*8671*2 

99 

:  1*86856 

1*86971 

1*87085 

1*87200 

1*87311* 

1*871*28 

1*8751*3 

1*87657 

1*87772 

1*87886 

-  Continued  - 


-3?  - 

Table    1$.-  Values  of  1-RX  when  R  =  0.8  -  Continued 
(All  values  are  decimal  fractions) 


J 

X 

0 

!  i 

;  2 

;  3 

!  1* 

!  5 

!  6 

;  7 

:   8  ; 

9 

3.00  : 

U88OO0 

488II4 

1*89228 

1*8831*3 

l*88a57 

1*88571 

U88685 

1*88799 

1*88913 

1*89027 

01  : 

1*8911*1 

1*89255 

1*89369 

1*891*83 

1*89597 

1*89711 

1*89825 

1*89939 

1*90052 

U90166 

02  t 

1*90280 

1*90391* 

i*90507 

1*90621 

1*90735 

li908U8 

1*90961 

1*91075 

1*91189 

1*91303 

03  t 

U91U16 

1*91530 

1*91643 

1*91757 

U91870 

1*91983 

1*92096 

1*92210 

1*92323 

1*921*36 

Ai 

01*  : 

U92550 
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1*95035 
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1*95598 
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1*95823 
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U96610 
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U98851 
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1*99187 
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1*99522 
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1*9971*5 

1*99857 
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500191 

500303 

11  t 
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500526 

500637 

50071*9 

500860 

500971 

501083 

501191* 

501305 

501417 

12  : 

501528 

501639 

501750 

501862 

501973 

502081* 

502195 

502306 

5021*17 

502528 

13  t 

502639 

502750 

502861 

502972 

503083 

503191* 

503305 

5031*15 

503526 

503637 
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503858 

503969 

50l*080 

501*190 
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15  t 
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505075 

505185 

505296 

5051*06 
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505737 

50581*7 
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506068 

506178 

506288 

506398 

506508 

506618 

506729 

506839 

50691*9 

17  * 

507059 

507169 

507279 

507389 
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507608 

507718 

507828 

507938 
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508157 
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508377 
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508706 
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509691 
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510238 
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511003 
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511657 
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512202 
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22  : 
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515240 

515340 

515U50 

515504 

515672 

25  : 

515780 

515888 

515996 

516101* 

516212 

516320 

5161*28 

516536 

516641* 

516752 

26  t 

516860 

516967 

517075 

517183 

517291 

517398 

517506 

517611* 

517721 

517829 

27  : 

517936 

51801*1* 

518152 

518259 

518367 

5181*71* 

518582 

518689 

518796 

518901* 

28  r 

519011 

519118 

519226 

519333 

5191*1*0 

51951*7 

519651* 

519762 

519669 

519976 

29  x 

520083 

520190 

520297 

5201*01* 

520511 

520618 

520725 

520832 

520939 

52101*6 
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521153 

521260 

521366 

5211*73 

521580 

521667 

521791* 

521900 

522007 
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31  : 

522220 

522327 

5221*33 

52251*0 

52261*6 

522753 

522859 

522966 

523072 

523178 

32  : 
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523392 

5231*98 

52360a 

523710 

523817 

523923 
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521*135 
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525090 
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526572 
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526783 

526888 
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527205 
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527627 

527732 

527837 

52791*3 

5280U8 

528151* 

528259 

52836U 

5281*69 

37  t 

528571* 

528680 

528785 

528890 

528995 

529100 

529205 

529310 

5291*15 

529520 

38  t 

529625 

529730 

529835 

52991*0 

53001*5 

530150 

530255 

530359 

530u61* 

530569 

39  t 

530671* 

530778 

530883 

530987 

531092 

531197 

531302 

5311*06 

531511 

531615 

ho  \ 

531720 

531821* 

531929 

532033 

532137 

53221*2 

53231*6 

5321*51 

532555 

532659 

1*1  i 

532763 

532866 

532972 

533076 

533180 

533281* 

533389 

5331*93 

533597 

533701 

1*2  : 

533805 

533909 

531*013 

531*117 

531*221 

531*325 

531*1*29 

531*532 

531*636 

531*71*0 

U3  i 

531*81*1* 

531*91*8 

535052 

535155 

535259 

535363 

5351*66 

535570 

535671* 

535777 

44  : 

535ool 

535904 

53OOOO 

536191 

536295 

536390 

536502 

536605 

536709 

536012 

1*5  : 

536915 

537019 

537122 

537225 

537328 

5371*32 

537535 

537638 

5377U1 

537810* 

1*6  * 

53791*7 

538050 

538151* 

538257 

538360 

5381*63 

538566 

538669 

536772 

538871* 

1*7  t 

538977 

539080 

539183 

539286 

539389 

5391*91 

539591* 

539697 

539800 

539902 

1*8  : 

51*0005 

51*0108 

51*0210 

51*0313 

51*01*15 

51*0518 

51*0620 

51*0723 

51*0826 

51*0926 

U9  i 

51*1030 

51*1133 

51*1235 

51*1337 

51*11*1*0 

51*151*2 

51*161*1* 

51*171*7 

51*181*9 

5US51 

50  \ 

5U2053 

51*2155 

51*2258 

51*2360 

51*21*62 

5U2561* 

51*2666 

51*2768 

51*2870 

51*2972 

51  : 

51*3071* 

5U3176 

51*3278 

51*3380 

51*31*82 

51*3581* 

51*3685 

51*3787 

51*3889 

51*3991 

52  * 

51*1*092 

51*1*191* 

51*1*296 

51*1*398 

51*1*1*99 

51*1*601 

51*1*702 

51*1*801* 

51*1*906 

51*5007 

53  * 

51*5109 

51*5210 

51*5312 

51*51*13 

51*5515 

51*5616 

51*5717 

51*5819 

51*5920 

51*6021 

5U  » 

51*6123 

51*6221* 

51*6325 

51*61*26 

51*6528 

51*6629 

51*6730 

51*6831 

51*6932 

51*7033 

55  t 

51*7131* 

51*7235 

51*7336 

51*71*37 

51*7538 

51*7639 

51*771*0 

51*781*1 

51*791*2 

51*801*3 

56  t 

5U8110i 

5U82U5 

51*831*5 

5U8U1*6 

51*851*7 

51*861*8 

51*871*8 

51*8849 

51*8950 

51*9050 

57  » 

51*9151 

51*9251 

51*9352 

51*91*53 

51*9553 

51*9651* 

51*9751* 

51*9855 

51*9955 

550056 

58  * 

550156 

550256 

550357 

5501*57 

550557 

550657 

550758 

550858 

550958 

551058 

59  t 

551158 

551259 

551359 

5511*59 

551559 

551659 

551759 

551859 

551959 

552059 
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Table    15.-  Values  of  1-RX  when  R  =  0.8 
(All  values  are  decimal  fractions) 
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66 
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5581*11 

558509 

558608 

558706 

558805 

558903 
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67  s 

559100 

559198 

559297 

559395 

5591*93 

559591 

559690 

559788 

559886 

559981* 

68 

•  560082 

560181 

560279 

560377 

5601*75 

560573 

560671 

560769 

560867 

560965 

69 

•  561063 

561161 

561259 

561357 

5611*55 

561553 

561650 

56171*8 

56181*6 

56191*1* 

: 

70  : 

71  : 

72  t 
73 
7U 
75 
76 
77 
78 
79 

80 
81 
82 
83 
81* 
85 

86  : 
87 
88 
89 

90  8 

91 
92 
93 
91* 

95  : 

96  : 

97  : 
98 
99 


56201*1 
563018 
563992 
561*961* 
565933 
566901 
567866 
568829 
569790 
57071*9 

571706 
572661 
573613 
571*561* 
575512 
5761*58 
5771*02 
57831*1* 
579281* 
580222 

581157 
582091 
583022 
593952 
581*879 
585801* 
586728 
58761*9 
588568 
5891*85 


562139 
563115 
561*089 
565061 
566030 
566997 
567963 
568925 
569886 
57081*5 

571802 
572756 
573708 
571*659 
575607 
576552 
5771*96 
5781*38 
579378 
580315 

581251 
582181* 
583115 
581*01*5 
581*972 
585897 
586820 
58771*1 
588660 
589577 


562237 
563213 
561*186 
556158 
566127 
567091* 
568059 
569022 
569982 
57091*1 

571897 
572851 
573803 
571*753 
575701 
57661*7 
577591 
578532 
5791*72 
5801*09 

58131*1* 
562277 
583208 
581*137 
585061* 
585989 
586912 
587833 
588751 
589668 


562335 
563310 
561*281* 
565255 
566221* 
567191 
568155 
569118 
570078 
571037 

571993 
57291*7 
573899 
571*81*6 

575796 
57671*1 
577685 
578626 
579565 
580502 

5811*38 
582370 
583301 
581*230 
585157 
586082 
587001* 
587925 
58881*3 
589760 


5621*32 
5631*08 
561*381 
565352 
566320 
567287 
568252 
569211* 
570171* 
571132 

572088 
57301*2 
573991* 
571*91*3 
575891 
576836 
577779 
578720 
579659 
580596 

581531 
5821*61* 
583391* 
581*323 
58521*9 
586171* 
587096 
588017 
588935 
589851 


562530 
563505 
561*1*78 
5651*1*9 
5661*17 
567381* 
56831*8 
569310 
570270 
571228 

572181* 
573137 
571*089 
575038 
575985 
576931 
577873 
578811* 
579753 
580690 

581621* 
582557 
5831*87 
581*1*16 
58531*2 
586266 
587189 
588109 
589027 
58991*3 


562627 
563602 
561*575 
56551*6 
5665H* 
5671*80 
5681*1*1* 
5691*06 
570366 
571321* 

572279 
573232 
571*181* 
575133 
576080 
577025 
577967 
578908 
57981*7 
580783 

581718 
582650 
583580 
581*508 
585U35 
586359 
587281 
588201 
589118 
59003U 


562725 
563700 
561*672 
56561*3 
566611 
567577 
56851*1 
569502 
5701*62 
5711*19 

572371* 
573328 
571*279 
575228 
576171* 
577119 
578062 
579002 
57991*1 
580877 

581811 
58271*3 
583673 
581*601 
585527 
5861*51 
587373 
588292 
589210 
590126 


562823 
563797 
561*769 
565739 
566707 
567673 
568637 
569598 
570558 
571515 

5721*70 
5731*23 
571*371* 
575322 
576269 
577213 
578156 
579096 
580031* 
580970 

581901* 
582836 
583766 
581*691* 
585619 
58651*3 
5871*65 
568381* 
589302 
590217 


562920 
563691* 
561*866 
565836 
566801* 
567770 
568733 
569691* 
570651* 
571610 

572565 
573518 
571*1*69 
5751*17 
576363 
577308 
578250 
579190 
580128 
581061* 

581998 
582929 
583859 
581*787 
585712 
586635 
587557 
5881*76 
589393 
590309 
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Table    15.-  Values  of  1-RX  when  R  =  0.8  -  Continued 
(All  values  are  decimal  fractions) 
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7671 0 

f  O  f  XV7 

76761 

|D|  UX 

76813 

76865 

76917 
1 07X  ( 

76968 

77019 

f  fUX7 

6 

!  77071 

771  99 

771  71 

1  fXfP 

7799)1 

7797)l 

77325 
/ 1  p^p 

7737^ 
( f  p  f  p 

77)i96 
f  mto 

77)1 76 
f  m  1 0 

77^96 
f  fPeo 

7 

77576 

77A9A 
f  (OcO 

77676 

7779A 

77776 

7782^ 

778  7^ 
f  fo  fP 

779?h 

1  f  7^U 

77973 
1  f  7  f  p 

78099 

8 

!  78071 

7fll  90 

7fi1 69 
1 U107 

78266 

78315 

78363 

78L11 

78k59 

f  OHP  7 

78507 

9 

t  78555 

7ftAn3 

f  OOUp 

7ft6Cl 
f  oopx 

1 U07U 

787li6 

f  U  ( 1*0 

78793 

[Of  7P 

7881*0 

78888 

7893^ 

f  U7J? 

7R9R9 
f  U7U4 

7.0 

:  79028 

7Q07< 
f  yu  fp 

7Q1  99 

701  Aft 

ryxoo 

7091  < 

1  ycxp 

709A1 
f  7<-OX 

703O7 
f  7PW 

793£)i 
f  7PPU 

70)iOO 
f  7t*w 

79)i)it; 

f  ytu+p 

1 

i  791*91 

7Q<ft7 

f  ypop 

70A9ft 

70A7)i 

iyo  (i* 

7071  0 
f  7(X7 

797A)i 
f  7  f  ot* 

70fiO0 

f  youy 

f  yopu 

70R00 
f  yoyy 

2 

:  7991*1* 

700R0 

(yyoy 

fion33 

ULA7  1  U 

flm  99 

80166 

80911 

Ro?5£ 

uuepp 

ft0900 

R03)i3 
uvjpz*p 

3    t  80386 

801*30 

80l*7l* 

80517 

80561 

80601* 

80617 

80690 

80733 

80776 

h    i  80819 

80862 

80905 

8091*7 

80990 

81032 

8107U 

81117 

81159 

81201 

5 

t  8121*2 

81?8!l 

fil  396 

81367 

811*09 

8lli5l 

8lli92 

81533 

8157b 

81615 

6    t  81656 

81697 

UXU7  1 

81738 

81779. 

UX  f  1  7* 

81819 

81860 

81900 

8l9lll 

81981 

82021 

7    :  82061 

89llil 

82181 

82221 

82260 

82300 

82339 

82379 

0£.^>  f  7 

821*18 

8 

t  821*57 

82l±96 

82535 
oeppp 

8257ll 

82613 

82652 

82690 

82729 

82768 

82806 

9 

t  8281*1* 

8288? 

82920 

82997 

83035 

yj      J  S 

83072 

83110 

8311*8 

83185 

8.0 

i  83223 

83260 

83297 

83372 

83li09 

83l*L6 

83li83 

83520 

83557 
u->pp  1 

1    :  83593 

83630 

83666 

83709 

83739 

8^77^ 

83811 

838Ji7 

R3RR3 

upoup 

ftioi  0 

opyxy 

2 

83955 

83991 

81*027 

81*062 

81*098 

81il68 

8)i2n)i 

R)i930 

ft)i9?!i 
OUc  ft* 

3 

:  81*309 

81*31*1* 

81*379 

8l*l*lU 

81*1*1*9 

81*1*83 

81*518 

81*552 

81*587 

81*621 

1*    :  81*655 

81*690 

81*721* 

81*758 

81*792 

81*826 

81*859 

81*893 

81*927 

81*960 

5    :  8U99U 

85097 

8^061 

opuyz* 

p.C.1  97 

fteh  Ai 
opxox 

RCi  a). 

05227 

85259 

85292 

6 

t  85325 

85358 

85391 

85L23 

85L56 

ROiRR 

ft£c;9n 

OpPeU 

0ppp2 

OppOp 

05617 
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85619 

85681 

85713 

857L5 

^JP  1  UP 

8^776 

op  f  f  0 

R<flnft 

opouo 

RdftliD 

opoi*u 

At^P7o 

opofZ 

Ac?  nriO 

85931* 

8  ! 

85966 

85997 

86028 

86059 

86090 

86191 

ftAic;9 

OOXpe 

ftAl  fl.7 
OOXOp 

AAot  1. 
OCV  xU 

oo2U5 

9  : 

86271* 

86305 

86336 

R6367 

R6397 

RAIicJR 

OOi*pO 

ftAl,  ft  A 

Ooi*oo 

005  lo 

065UO 

9.0  ! 

86578 

86608 

86638 

86668 

R6A97 

RA797 
OO  (^  f 

RA7^7 

00  fP  f 

ft£7fl£ 

00  f  00 

ooolo 

n/OI  r' 

o6ou5 

1    s  86875 

86901* 

86933 

86969 

ftAooi 

ft7(-\9<1 
O  f  UcU 

0  fuz*y 

0  fU  fo 

A7T  r\*7 
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87136 

2    :  87161* 

87193 

87221 

879CV) 

ft  797ft 

R7^nA 
O  (  puo 

Of  PPP 

A7  'iA'i 

Of  pop 

07391 

871*19 

3  : 

871*1*7 

871*75 

87503 

87531 

87559 

87587 

87611* 

8761*2 

87669 

87697 

it  : 

87721* 

87752 

87779 

87606 

87833 

87860 

87887 

87915 

879U2 

87968 

5  : 

87995 

88022 

880l*9 

88075 

88102 

88128 

88155 

88181 

88208 

88231* 

6  : 

88260 

88286 

88312 

88338 

88361* 

88390 

881*16 

881*1*2 

881*68 

881*91* 

7  : 

88519 

8851*5 

88570 

88596 

88621 

8861*7 

88672 

88697 

88722 

8871*7 

8  : 

88773 

88796 

88823 

8881*7 

88872 

88897 

88922 

8891*7 

88971 

88996 

9  ! 

89020 

890l*5 

89069 

8909li 

89118 

8911*2 

89166 

89190 

89215 

89239 

-  Continued  - 


Table    15.-  Values  of  1-RX  when  R  =0.8  -  Continued 
(All  values  are  decimal  fractions) 


X  ] 

0  ! 

1  * 

2  | 

3  * 

k  : 

5  ; 

6  ; 

7  | 

8  ; 

9 

7 

10.0  i 

89263 

89287 

89310 

89331* 

89358 

89382 

89U05 

891*29 

89U53 

891*76 

.1    :  89500 

89523 

8951*6 

89570 

89593 

89616 

89639 

89662 

89685 

89708 

2  : 

89731 

8975k 

89777 

898OO 

89822 

8981*5 

89868 

89890 

89913 

89936 

3  ! 

89958 

89980 

90003 

90025 

900U7 

90069 

9009I 

90113 

90135 

90157 

li  ! 

90179 

90201 

90223 

902l*5 

90267 

90288 

90310 

90332 

90353 

7^  J  f  ✓ 

5  • 

90396 

901*18 

90l*39 

90li60 

90li82 

90503 

9052lt 

9051*5 

90566 

90587 

6  i 

90608 

90629 

90650 

90671 

90692 

90712 

90733 

90751* 

90771* 

90795 

7  ! 

90815 

90836 

90856 

90877 

90897 

90917 

90937 

90958 

90978 

90998 

8 

91018 

91038 

91058 

91078 

91098 

91118 

91138 

91157 

91177 

91197 

9  : 

91216 

91236 

91255 

91275 

9129U 

91311* 

91333 

91352 

91372 

91391 

11.0 

9li*10 

912*29 

911*1*8 

9UU67 

91U86 

91505 

91521* 

9151*3 

91562 

91581 

1 

91600 

91618 

91637 

91656 

91671* 

91693 

91711 

91730 

917U8 

91767 

2 

91785 

91803 

91822 

918U0 

91858 

91876 

91891* 

91912 

91930 

9191*6 

3 

91966 

91981* 

92002 

92020 

92038 

92055 

92073 

92091 

92108 

92126 

.  1* 

:  9211*1* 

92161 

92179 

92196 

92213 

92231 

92240 

92265 

92283 

92300 

5 

92317 

92331* 

92351 

92368 

92385 

921*02 

921*19 

921*36 

921*53 

921*70 

6 

92U67 

92503 

92520 

92537 

92553 

92570 

92586 

92603 

92619 

92636 

7 

:  92652 

92669 

92685 

92701 

92718 

92731* 

92750 

92766 

92782 

92798 

8 

:  928H* 

92830 

928U6 

92862 

92878 

92691* 

92910 

92926 

929U2 

92957 

9 

f  92973 

92989 

93001* 

93020 

93035 

93051 

93066 

93082 

93097 

93113 

93128 

93280 
931*28 
93573 
93715 
93853 
93989 
91*122 
91*252 
91*378 

91*502 
91*621* 
91*71*2 
9U858 
91*972 
95083 
95191 
95297 
951*01 
95503 

95602 
95699 
95791* 
95887 
95978 
96066 
96153 
96238 
96321 
961*02 

961*82 
96559 
96635 
96709 
96782 
96853 
96923 
96991 
97057 
97122 


9311*3 
93295 
931*1*3 
93587 
93729 
93867 
91*003 
91*135 
91*261* 
91*391 

91*515 
91*636 
9U751* 
91*870 
91*983 
95091* 
95202 
95308 
951*11 
95513 

95612 
95709 
95803 
95896 
95987 
96075 
96162 
9621*6 
96329 
961*10 

961*89 
96567 
9661*3 
96717 
96789 
96860 
96929 
96998 
97063 
97128 


93159 
93310 
931*57 
93602 
9371*3 
93881 
91*016 
9UH*8 
91*277 
91*1*03 

91*527 
91*61*8 
91*766 
91*881 
91*991* 
95105 
95213 
95318 
951*22 
95523 

95621 
95718 
95813 
95905 
95995 
96081* 
96170 
96255 
96337 
961*18 

961*97 
96571* 
96650 
96721* 
96796 
96867 
96936 
97001* 
97070 
97135 


93171* 
93321* 
931*72 
93616 
93757 
93895 
91*029 
91*161 
91*290 
91*1*16 

91*539 
91*660 
91*777 
91*893 
95005 
95116 
95223 
95329 
951*32 
95533 

95631 
95728 
95822 
95911* 
96001* 
96092 
96179 
96263 
9631*6 
961*26 

96505 
96582 
96658 
96731 
96803 
96871* 
9691*3 
97010 
97076 
9711*1 


93189 
93339 
931*66 
93630 
93771 
93908 
91*01*3 
91*171* 
91*303 
91*1*28 

91*551 
91*671 
91*789 
91*901* 
95017 
95126 
95231* 
95339 
951*1*2 
9551*3 

9561*1 
95737 
95831 
95923 
96013 
96101 
96187 
96271 
96351* 
961*31* 

96513 
96590 
96665 
96739 
96811 
96881 
96950 
97017 
97083 
9711*7 


93201* 
93351* 
93501 
93610* 
93785 
93922 
91*056 
91*187 
91*315 
91*1*1*1 

91*563 
91*683 
91*801 
91*915 
95028 
95137 
9521*5 
9531*9 
951*52 
95553 

95651 
9571*7 
9581*1 
95932 
96022 
96110 
96196 
96280 
96362 
961*1*2 

96521 
96597 
96672 
9671*6 
96818 
96888 
96957 
97021* 
97089 
97151* 


93219 
93369 
93515 
93658 
93798 
93935 
91*069 
91*200 
91*328 
91*1*53 

91*575 
91*695 
91*812 
91*927 
95039 
95ll*8 
95255 
95360 
951*62 
95563 

95660 
95756 
95850 
9591*1 
96031 
96119 
96201* 
96288 
96370 
961*50 

96528 
96605 
96680 
96753 
96825 
96895 
96963 
97030 
97096 
97160 


93235 
93381* 
93530 
93673 
93812 
9391*9 
91*082 
91*213 
91*31*1 
91*1*65 

91*588 
91*707 
9l*82l* 
91*938 
95050 
95159 
95266 
95370 
951*72 
95572 

95670 
95766 
95859 
95951 
9601*0 
96127 
96213 
96296 
96378 
961*58 

96536 
96612 
96687 
96760 
96832 
96902 
96970 
97037 
97102 
97166 


93250 
93399 
9351*1* 
93687 
93826 
93962 
91*095 
91*226 
91*353 
91*1*78 

91*600 
91*719 
91*835 
91*91*9 
95061 
95170 
95276 
95381 
951*83 
95582 

95680 
95775 
95868 
95960 
9601*9 
96136 
96221 
96301* 
96386 
961*66 

9651*1* 
96620 
96695 
96768 
96839 
96909 
96977 
9701*1* 
97109 
97173 
Continued 


93265 
931*13 
93559 
93701 
938UO 
93976 
91*109 
91*239 
91*366 
91*1*90 

91*612 
91*731 
91*81*7 
91*961 
95072 
95181 
95287 
95391 
951*93 
95592 

95689 
95781* 
9587S 
95969 
96058 
96110* 
96230 
96313 
96391* 
961*71* 

96551 
96628 
96702 
96775 
9681*6 
96916 
96981* 
97050 
97115 
97179 
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Table    15.-  Values  of  1-RX  when  R  =  0.8 -Continued 
(All  values  are  decimal  fractions) 
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;  o  : 

1  j 

2  : 

3  ! 
1 

i*  ; 

5  ! 
j 

6  ; 

t 

7  ; 

8  J 

9 

16.0 

.  97185 

0*?T  Oft 

97190 

0*70A|. 

9i20U 

9f210 

y721o 

97223 

97229 

97235 

. 

9721*1 

1 
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aha// 
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97272 
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97281* 
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97302 

2 

i  97308 

QTil  I. 

o*70oa 
9(320 

o*70o»C 
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0*7  000 
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0*7  0  OA 
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97356 

ft*70ii0 
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3  i  97368 
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97379 

97385 
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971*03 

971*08 

971*11* 

971*20 

h 

t  97U26 

971*31 
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971*1*3 

971*1*8 

971*51* 

97l*6o 

97U65 

971*71 

971*77 

5 

:  971*82 

n°7l.fi  ft 

97U60 

0*7l.ftl. 

yfhyh 

97U99 

ft*7CfA.£ 
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9r521 
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6 
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975UU 
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0*7^0. 

9755U 

ft*7*u  iCft, 
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97565 
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97571 
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7 
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0*7  *ci 0 
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ft*7*7A.O 
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97713 
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07700 
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j 
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9775o 
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97768 
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97773 
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97788 
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97817 

97o22 
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9781*2 

2 
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97051 
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97056 

97861 

97066 
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97070 

97o75 
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ahO  O r\ 
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3 
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97927 

97931 

97936 
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97950 
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980U3 

980l*8 

98052 
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7 
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9811*1 
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9811*6 
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9  ! 
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98162 

98166 

98170 

98171* 

98178 

98182 

98186 

98190 

98191* 

i 

18.0 

98199 

98203 

98207 

98211 

98215 

98219 

98223 

98  2  26 

98230 

98231* 

1  ! 

98238 

9821*2 

9o2u6 

98250 

9825U 

98258 

98262 

9u26o 

98269 

98273 

2  • 

98277 

98281 

98285 

98289 

90292 

98296 

oft  000 

90300 

ftP  oaI. 

9030U 

aQ  ^aO 

ft  Q  01  T 

98311 

3  ! 

98315 

98319 

98323 

98326 

98330 

98331* 

98338 

9831*1 

983U5 

9831*9 

k  • 

98352 

98356 

98360 

98363 

98367 

98371 

98371* 

98378 

98382 

98385 

5  i 

98389 

0A000 
9oj92 

OA  0.o£ 

oft  ^00 
yojyy 

OA),A"l 

yoijuo 

OftliT  A 

youiu 

OftliT  7 

yom  f 

youti 

6  ! 

981*21* 

9CU20 

OAI.  0.1 
90U31 

oAl.'acf 
y0U35 

0AI1 T  A 

youjo 

OA).  liO 

youuc 

youup 
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youuy 

oft). Co 
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981*59 
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you&y 

OAI.*?*} 
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you  10 
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youou 

0AI.A0 

youo3 

youoo 

OAI.OA 

youyo 

8  ! 
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yo?oo 
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yo>z3 

9  i 
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nftc'l.  0 
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s 
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OA 
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yopoi 

oACA). 

yo^ou 

0ACA7 

yo?of 

1  i 

98591 

985  9u 

98597 

98600 

90O03 

90 606 

OftilAA 

yoooy 

yooj.2 

yooio 

yooiy 

2  i 

98622 

oft  ^rtC* 

98625 

98628 

98631 

98631* 

98637 

oft^l  0 
9O6U0 

9B6U3 

986U6 

oft^l.o 

986U9 

3  ! 

98652 

7UU^u 

9fi66k 

98667 

98670 

98673 

98676 

98679 

a  . 

98682 

98685 

98688 

98691 

98691* 

98697 

98699 

98702 

98705 

98708 

5 • 

98711 

98711* 

98717 

98720 

98722 

98725 

98728 

98731 

98731* 

98737 

6 

!  98739 

9871*2 

987U5 

9871*8 

98751 

98753 

98756 

98759 

98762 

98765 

7 

s  98767 

98770 

98773 

98775 

98778 

98781 

98781* 

98786 

98789 

98792 

8 

!  98791* 

98797 

98800 

98802 

98805 

98808 

98810 

98813 

98816 

98819 

9 

:  98821 

98821* 

98826 

98829 

98832 

98831* 

98837 

98839 

9881*2 

9881*5 

20.0  t 

1  : 

2  : 

3  : 
1* 

5 
6 
7 
8 

9  x 

21.0 
1 

2 
3 

1*  : 

5 

6 

7 

8 

9 


9881*7 

98850 

98852 

98855 

98857 

98860 

98862 

98865 

98867 

98870 

98873 

98876 

98878 

98880 

98883 

98885 

98888 

98890 

98892 

98895 

98897 

98900 

98902 

98905 

98907 

98910 

98912 

98911* 

98917 

98919 

98922 

98921* 

98927 

98929 

98931 

98931* 

98936 

98938 

9891*1 

9891*3 

9891*5 

9891*8 

98950 

98953 

98955 

98957 

98960 

98962 

98961* 

98966 

98969 

98971 

98973 

98976 

98978 

98980 

98982 

98985 

98988 

98990 

98992 

98991* 

98996 

98998 

99001 

99003 

99005 

99007 

99009 

99012 

99011* 

99016 

99018 

99020 

99023 

99025 

99027 

99029 

99031 

99031* 

99036 

99038 

9901*0 

9901*2 

9901*1* 

9901*6 

9901*8 

99051 

99053 

99055 

99057 

99059 

99061 

99063 

99065 

99067 

99069 

99071 

99073 

99075 

99077 

99080 

99082 

99081* 

99086 

99088 

99090 

99092 

99091* 

99096 

99098 

99100 

99102 

9910U 

99106 

99108 

99110 

99112 

99111* 

99116 

99118 

99120 

99122 

99121* 

99126 

99128 

99130 

99132 

99131* 

99136 

99137 

99139 

991U1 

9911*3 

9911*5 

991U7 

9911*9 

99151 

99153 

99155 

99157 

99158 

99160 

99162 

99161* 

99166 

99168 

99170 

99171 

99173 

99175 

99177 

99179 

99181 

99182 

99181* 

99186 

99188 

99190 

99192 

99193 

99195 

99197 

99199 

99201 

99202 

99201* 

99206 

99208 

99209 

99211 

99213 

99215 

99216 

99216 

99220 

99222 

99223 

99225 

99227 

99229 

99230 

99232 

99231* 

99235 

99237 

99239 

992U1 

9921*2 

9921*1* 

9921*6 

9921*7 

9921*9 

99251 

99252 

99251* 

99256 

99257 

99259 

99261 

-  Continued  - 


Table    15.-  Values  of  1-RX  when  R  s  0.6  -  Continued 
(All  values  are  decimal  fractions) 
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Table    15.-  Values  of  1-RX  when  R  ■  0.8  -  Continued 
(All  values  are  decimal  fractions) 
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